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8 | CONFIDENCE 
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Figure 8.1 Have you ever wondered what the average number of M&Ms in a bag at the grocery store is? You can 
use confidence intervals to answer this question, (credit: comedy_nose/flickr) 



Introduction 



Chapter Objectives 



By the end of this chapter, the student should be able to: 

• Calculate and interpret confidence intervals for estimating a population mean and a population proportion. 

• Interpret the Student's t probability distribution as the sample size changes. 

• Discriminate between problems applying the normal and the Student's t distributions. 

• Calculate the sample size required to estimate a population mean and a population proportion given a desired 
confidence level and margin of error. 



Suppose you were trying to determine the mean rent of a two-bedroom apartment in your town. You might look in the 
classified section of the newspaper, write down several rents listed, and average them together. You would have obtained 
a point estimate of the true mean. If you are trying to determine the percentage of times you make a basket when shooting 
a basketball, you might count the number of shots you make and divide that by the number of shots you attempted. In this 
case, you would have obtained a point estimate for the true proportion. 
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We use sample data to make generalizations about an unknown population. This part of statistics is called inferential 
statistics. The sample data help us to make an estimate of a population parameter. We realize that the point estimate is 
most likely not the exact value of the population parameter, but close to it. After calculating point estimates, we construct 
interval estimates, called confidence intervals. 

In this chapter, you will learn to construct and interpret confidence intervals. You will also learn a new distribution, 
the Student's-t, and how it is used with these intervals. Throughout the chapter, it is important to keep in mind that the 
confidence interval is a random variable, ft is the population parameter that is fixed. 

If you worked in the marketing department of an entertainment company, you might be interested in the mean number of 
songs a consumer downloads a month from iTunes. If so, you could conduct a survey and calculate the sample mean, x 
, and the sample standard deviation, s. You would use x to estimate the population mean and s to estimate the population 

standard deviation. The sample mean, x , is the point estimate for the population mean, p. The sample standard deviation, 
s, is the point estimate for the population standard deviation, a. 

Each of x and s is called a statistic. 

A confidence interval is another type of estimate but, instead of being just one number, it is an interval of numbers. The 
interval of numbers is a range of values calculated from a given set of sample data. The confidence interval is likely to 
include an unknown population parameter. 

Suppose, for the iTunes example, we do not know the population mean p, but we do know that the population standard 
deviation is a = 1 and our sample size is 100. Then, by the central limit theorem, the standard deviation for the sample mean 
is 

S- = -J— = o 1 

'Jn VlOO 

The empirical rule, which applies to bell-shaped distributions, says that in approximately 95% of the samples, the sample 
mean, x , will be within two standard deviations of the population mean p. For our iTunes example, two standard 
deviations is (2)(0.1) = 0.2. The sample mean x is likely to be within 0.2 units of p. 

Because x is within 0.2 units of p, which is unknown, then p is likely to be within 0.2 units of x in 95% of the samples. 
The population mean p is contained in an interval whose lower number is calculated by taking the sample mean and 
subtracting two standard deviations (2)(0.1) and whose upper number is calculated by taking the sample mean and adding 

two standard deviations. In other words, p is between x — 0.2 and x + 0.2 in 95% of all the samples. 

For the iTunes example, suppose that a sample produced a sample mean x = 2 . Then the unknown population mean p is 
between 

x — 0.2 — 2 — 0.2 =1.8 and x + 0.2 = 2 + 0.2 = 2.2 

We say that we are 95% confident that the unknown population mean number of songs downloaded from iTunes per month 
is between 1.8 and 2.2. The 95% confidence interval is (1.8, 2.2). 

The 95% confidence interval implies two possibilities. Either the interval (1.8, 2.2) contains the true mean p or our sample 
produced an x that is not within 0.2 units of the true mean p. The second possibility happens for only 5% of all the samples 
(95-100%). 

Remember that a confidence interval is created for an unknown population parameter like the population mean, p. 
Confidence intervals for some parameters have the form: 

(point estimate - margin of error, point estimate + margin of error) 

The margin of error depends on the confidence level or percentage of confidence and the standard error of the mean. 

When you read newspapers and journals, some reports will use the phrase "margin of error." Other reports will not use that 
phrase, but include a confidence interval as the point estimate plus or minus the margin of error. These are two ways of 
expressing the same concept. 

NOTE 

Although the text only covers symmetrical confidence intervals, there are non-symmetrical confidence intervals (for 
example, a confidence interval for the standard deviation). 
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ollaborative Exercise 



Have your instructor record the number of meals each student in your class eats out in a week. Assume that the standard 
deviation is known to be three meals. Construct an approximate 95% confidence interval for the true mean number of 
meals students eat out each week. 

1. Calculate the sample mean. 

2. Let cr=3 and n = the number of students surveyed. 

3. Construct the interval — 2 j( '. ( x +2)(-L)j. 

We say we are approximately 95% confident that the true mean number of meals that students eat out in a week is 
between and . 

8.1 1 A Single Population Mean using the Normal 
Distribution 



A confidence interval for a population mean with a known standard deviation is based on the fact that the sample means 
follow an approximately normal distribution. Suppose that our sample has a mean of x = 10 and we have constructed the 
90% confidence interval (5, 15) where EBM = 5. 

Calculating the Confidence Interval 

To construct a confidence interval for a single unknown population mean p, where the population standard deviation 
is known, we need x as an estimate for p and we need the margin of error. Here, the margin of error (EBM) is called 

the error bound for a population mean (abbreviated EBM). The sample mean x is the point estimate of the unknown 
population mean p. 

The confidence interval estimate will have the form: 

(point estimate - error bound, point estimate + error bound) or, in symbols,) x - EBM, x +EBM ) 

The margin of error ( EBM) depends on the confidence level (abbreviated CL). The confidence level is often considered the 
probability that the calculated confidence interval estimate will contain the true population parameter. However, it is more 
accurate to state that the confidence level is the percent of confidence intervals that contain the true population parameter 
when repeated samples are taken. Most often, it is the choice of the person constructing the confidence interval to choose a 
confidence level of 90% or higher because that person wants to be reasonably certain of his or her conclusions. 

There is another probability called alpha (a), a is related to the confidence level, CL. a is the probability that the interval 
does not contain the unknown population parameter. 

Mathematically, a + CL = 1. 



418 CHAPTER 8 | CONFIDENCE INTERVALS 



Example 8.1 



Suppose we have collected data from a sample. We know the sample mean but we do not know the mean for the 
entire population. 

The sample mean is seven, and the error bound for the mean is 2.5. 
x =1 and EBM = 2.5 

The confidence interval is (7 - 2.5, 7 + 2.5), and calculating the values gives (4.5, 9.5). 

If the confidence level (CL) is 95%, then we say that, "We estimate with 95% confidence that the true value of 
the population mean is between 4.5 and 9.5." 



Try It % 



8.1 Suppose we have data from a sample. The sample mean is 15, and the error bound for the mean is 3.2. 
What is the confidence interval estimate for the population mean? 



A confidence interval for a population mean with a known standard deviation is based on the fact that the sample means 
follow an approximately normal distribution. Suppose that our sample has a mean of x = 10, and we have constructed the 
90% confidence interval (5, 15) where EBM = 5. 

To get a 90% confidence interval, we must include the central 90% of the probability of the normal distribution. If we 
include the central 90%, we leave out a total of a = 10% in both tails, or 5% in each tail, of the normal distribution. 




(CL) = 0.90 



Figure 8.2 

To capture the central 90%, we must go out 1.645 "standard deviations" on either side of the calculated sample mean. The 
value 1.645 is the z-score from a standard normal probability distribution that puts an area of 0.90 in the center, an area of 
0.05 in the far left tail, and an area of 0.05 in the far right tail. 

It is important that the "standard deviation" used must be appropriate for the parameter we are estimating, so in this section 
we need to use the standard deviation that applies to sample means, which is . The fraction , is commonly called the 

"standard error of the mean" in order to distinguish clearly the standard deviation for a mean from the population standard 
deviation a. 

In summary, as a result of the central limit theorem: 

• X is normally distributed, that is, X ~ N . 

• When the population standard deviation a is known, we use a normal distribution to calculate the error bound. 

Calculating the Confidence Interval 

To construct a confidence interval estimate for an unknown population mean, we need data from a random sample. The 
steps to construct and interpret the confidence interval are: 

• Calculate the sample mean x from the sample data. Remember, in this section we already know the population 
standard deviation a. 
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Find the z-score that corresponds to the confidence level. 
Calculate the error bound EBM. 

Construct the confidence interval. 
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• Write a sentence that interprets the estimate in the context of the situation in the problem. (Explain what the confidence 
interval means, in the words of the problem.) 

We will first examine each step in more detail, and then illustrate the process with some examples. 

Finding the z-score for the Stated Confidence Level 

When we know the population standard deviation a, we use a standard normal distribution to calculate the error bound 
EBM and construct the confidence interval. We need to find the value of z that puts an area equal to the confidence level (in 
decimal form) in the middle of the standard normal distribution Z ~ N( 0, 1). 

The confidence level, CL, is the area in the middle of the standard normal distribution. CL = 1 - or, so a is the area that is 
split equally between the two tails. Each of the tails contains an area equal to ^ . 



invNorm(0.975, 0, 1) = 1.96 

NOTE 

Remember to use the area to the LEFT of za _ ; in this chapter the last two inputs in the invNorm command are 0, 1, 

2 

because you are using a standard normal distribution Z ~ N{ 0, 1). 

Calculating the Error Bound (EBM) 

The error bound formula for an unknown population mean p when the population standard deviation a is known is 




Constructing the Confidence Interval 

• The confidence interval estimate has the format ( x - EBM , x + EBM ) . 
The graph gives a picture of the entire situation. 

CL + f + f = CL + a = 1. 



The z-score that has an area to the right of ^ is denoted by z 



a . 



2 



For example, when CL = 0.95, a = 0.05 and ^ = 0.025; we write za = zo 025- 

2 2 



The area to the right of zo .025 is 0.025 and the area to the left of zo .025 is 1 - 0.025 = 0.975. 
Za = z 0 0^5 = 1 - 96 , using a calculator, computer or a standard normal probability table. 
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CL = 1 - a 




Figure 8.3 

Writing the Interpretation 

The interpretation should clearly state the confidence level (CL), explain what population parameter is being estimated 

(here, a population mean), and state the confidence interval (both endpoints). "We estimate with % confidence that the 

true population mean (include the context of the problem) is between and (include appropriate units)." 



Example 8.2 



Suppose scores on exams in statistics are normally distributed with an unknown population mean and a population 
standard deviation of three points. A random sample of 36 scores is taken and gives a sample mean (sample 
mean score) of 68. Find a confidence interval estimate for the population mean exam score (the mean score on all 
exams). 

Find a 90% confidence interval for the true (population) mean of statistics exam scores. 

Solution 8.2 

• You can use technology to calculate the confidence interval directly. 

• The first solution is shown step-by-step (Solution A). 

• The second solution uses the Tl-83, 83+, and 84+ calculators (Solution B). 

Solution A 

To find the confidence interval, you need the sample mean, x , and the EBM. 
x = 68 

E ™=y(w) 

cr = 3; n = 36; The confidence level is 90% (CL = 0.90) 

CL = 0.90 so cr = 1 - CL = 1- 0.90 = 0.10 

f = 0.05 za = z 0 .05 
z 2 

The area to the right of zo.os is 0.05 and the area to the left of zo .05 is 1 - 0.05 = 0.95. 

Z| = z 0 .05 = L645 

using invNorm(0.95, 0, 1) on the Tl-83, 83+, and 84+ calculators. This can also be found using appropriate 
commands on other calculators, using a computer, or using a probability table for the standard normal distribution. 

EBM = (1.645) = 0.8225 

x -EBM = 68 -0.8225 = 67.1775 
x + EBM = 68 + 0.8225 = 68.8225 
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The 90% confidence interval is (67.1775, 68.8225). 



Solution 8.2 

Solution B 




the TI-83, 83-*-, 89, 88+ Calculator 



Press STAT and arrow over to TESTS. 

Arrow down to 7 : ZInte rval. 

Press ENTER. 

Arrow to Stats and press ENTER. 

Arrow down and enter three for a, 68 for x , 36 for n, and .90 for C - level. 
Arrow down to Calculate and press ENTER. 

The confidence interval is (to three decimal places)(67.178, 68.822). 



Interpretation 

We estimate with 90% confidence that the true population mean exam score for all statistics students is between 
67.18 and 68.82. 

Explanation of 90% Confidence Level 

Ninety percent of all confidence intervals constructed in this way contain the true mean statistics exam score. For 
example, if we constructed 100 of these confidence intervals, we would expect 90 of them to contain the true 
population mean exam score. 




8.2 Suppose average pizza delivery times are normally distributed with an unknown population mean and a population 
standard deviation of six minutes. A random sample of 28 pizza delivery restaurants is taken and has a sample mean 
delivery time of 36 minutes. 



Find a 90% confidence interval estimate for the population mean delivery time. 
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Example 8.3 



The Specific Absorption Rate (SAR) for a cell phone measures the amount of radio frequency (RF) energy 
absorbed by the user’s body when using the handset. Every cell phone emits RF energy. Different phone models 
have different SAR measures. To receive certification from the Federal Communications Commission (FCC) for 
sale in the United States, the SAR level for a cell phone must be no more than 1.6 watts per kilogram. Table 8.1 
shows the highest SAR level for a random selection of cell phone models as measured by the FCC. 



Phone Model 


SAR 


Phone Model 


SAR 


Phone Model 


SAR 


Apple iPhone 4S 


1.11 


LG Ally 


1.36 


Pantech Laser 


0.74 


BlackBerry Pearl 8120 


1.48 


LG AX275 


1.34 


Samsung Character 


0.5 


BlackBerry Tour 9630 


1.43 


LG Cosmos 


1.18 


Samsung Epic 4G Touch 


0.4 


Cricket TXTM8 


1.3 


LG CU515 


1.3 


Samsung M240 


0.867 


FlP/Palm Centro 


1.09 


LG Trax CU575 


1.26 


Samsung Messager 111 SCF1-R750 


0.68 


HTC One V 


0.455 


Motorola Q9h 


1.29 


Samsung Nexus S 


0.51 


HTC Touch Pro 2 


1.41 


Motorola Razr2 V8 


0.36 


Samsung SGH-A227 


1.13 


Huawei M835 fdeos 


0.82 


Motorola Razr2 V9 


0.52 


SGH-al07 GoPhone 


0.3 


Kyocera DuraPlus 


0.78 


Motorola V195s 


1.6 


Sony W350a 


1.48 


Kyocera K127 Marbl 


1.25 


Nokia 1680 


1.39 


T-Mobile Concord 


1.38 



Table 8.1 



Find a 98% confidence interval for the true (population) mean of the Specific Absorption Rates (SARs) for cell 
phones. Assume that the population standard deviation is a = 0.337. 

Solution 8.3 
Solution A 

To find the confidence interval, start by finding the point estimate: the sample mean. 
x = 1.024 

Next, find the EBM. Because you are creating a 98% confidence interval, CL = 0.98. 



0 = 1 -CL = 1-0.98 = 0.02 |=0.01 




Figure 8.4 

You need to find zo.oi having the property that the area under the normal density curve to the right of zo.oi is 0.01 
and the area to the left is 0.99. Use your calculator, a computer, or a probability table for the standard normal 
distribution to find zo.oi = 2.326. 

EBM = (z 0 . 01 )^ = ( 2 - 32( ^§f = °- 1431 
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To find the 98% confidence interval, find x ± EBM . 
x - EBM = 1.024-0.1431 = 0.8809 
x - EBM = 1.024-0.1431 = 1.1671 

We estimate with 98% confidence that the true SAR mean for the population of cell phones in the United States 
is between 0.8809 and 1.1671 watts per kilogram. 

Solution 8.3 

Solution B 

Q Using the TI-83, 83 + , 89, 88+ Calculator 

Press STAT and arrow over to TESTS. 

Arrow down to 7:Zlnterval. 

Press ENTER. 

Arrow to Stats and press ENTER. 

Arrow down and enter the following values: 
a: 0.337 

x : 1.024 
n: 30 

C-level: 0.98 

Arrow down to Calculate and press ENTER. 

The confidence interval is (to three decimal places) (0.881, 1.167). 




8.3 Table 8.2 shows a different random sampling of 20 cell phone models. Use this data to calculate a 93% 
confidence interval for the true mean SAR for cell phones certified for use in the United States. As previously, assume 
that the population standard deviation is a = 0.337. 



Phone Model 


SAR 


Phone Model 


SAR 


Blackberry Pearl 8120 


1.48 


Nokia E71x 


1.53 


HTC Evo Design 4G 


0.8 


Nokia N75 


0.68 


HTC Freestyle 


1.15 


Nokia N79 


1.4 


LG Ally 


1.36 


Sagem Puma 


1.24 


LG Fathom 


0.77 


Samsung Fascinate 


0.57 


LG Optimus Vu 


0.462 


Samsung Infuse 4G 


0.2 


Motorola Cliq XT 


1.36 


Samsung Nexus S 


0.51 


Motorola Droid Pro 


1.39 


Samsung Replenish 


0.3 


Motorola Droid Razr M 


1.3 


Sony W518a Walkman 


0.73 


Nokia 7705 Twist 


0.7 


ZTE C79 


0.869 



Table 8.2 
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Notice the difference in the confidence intervals calculated in Example 8.3 and the following Try It exercise. These 
intervals are different for several reasons: they were calculated from different samples, the samples were different sizes, and 
the intervals were calculated for different levels of confidence. Even though the intervals are different, they do not yield 
conflicting information. The effects of these kinds of changes are the subject of the next section in this chapter. 

Changing the Confidence Level or Sample Size 



Example 8.4 



Suppose we change the original problem in Example 8.2 by using a 95% confidence level. Find a 95% 
confidence interval for the true (population) mean statistics exam score. 

Solution 8.4 

To find the confidence interval, you need the sample mean, x , and the EBM. 
x = 68 

EBM = (*?)(&) 

a = 3; n = 36; The confidence level is 95% (CL = 0.95). 

CL = 0.95 so cr=l - CL = 1- 0.95 = 0.05 

y = 0.025 Za = Zo.025 

z 2 

The area to the right of zo .025 is 0.025 and the area to the left of zo .025 is 1 - 0.025 = 0.975. 

z« = ^0.025 = 

2 

when using invnorm(0.975,0,l) on the TI-83, 83+, or 84+ calculators. (This can also be found using appropriate 
commands on other calculators, using a computer, or using a probability table for the standard normal 
distribution.) 

EBM = (1.96) = 0.98 

x - EBM = 68 - 0.98 = 67.02 
x + EBM = 68 + 0.98 = 68.98 

Notice that the EBM is larger for a 95% confidence level in the original problem. 

Interpretation 

We estimate with 95% confidence that the true population mean for all statistics exam scores is between 67.02 
and 68.98. 

Explanation of 95% Confidence Level 

Ninety-five percent of all confidence intervals constructed in this way contain the true value of the population 
mean statistics exam score. 

Comparing the results 

The 90% confidence interval is (67.18, 68.82). The 95% confidence interval is (67.02, 68.98). The 95% 
confidence interval is wider. If you look at the graphs, because the area 0.95 is larger than the area 0.90, it makes 
sense that the 95% confidence interval is wider. To be more confident that the confidence interval actually does 
contain the true value of the population mean for all statistics exam scores, the confidence interval necessarily 
needs to be wider. 



This content is available for free at https://cnx.Org/content/colll562/l.17 




CHAPTER 8 | CONFIDENCE INTERVALS 425 



0.90 0.95 




Figure 8.5 

Summary: Effect of Changing the Confidence Level 

• Increasing the confidence level increases the error bound, making the confidence interval wider. 

• Decreasing the confidence level decreases the error bound, making the confidence interval narrower. 




8.4 Refer back to the pizza-delivery Try It exercise. The population standard deviation is six minutes and the sample 
mean deliver time is 36 minutes. Use a sample size of 20. Find a 95% confidence interval estimate for the true mean 
pizza delivery time. 



Example 8.5 



Suppose we change the original problem in Example 8.2 to see what happens to the error bound if the sample 
size is changed. 

Leave everything the same except the sample size. Use the original 90% confidence level. What happens to the 
error bound and the confidence interval if we increase the sample size and use n = 100 instead of n = 36? What 
happens if we decrease the sample size to n = 25 instead of n = 36? 

• x = 68 



• EBM - ( z f)ft) 

• cr = 3; The confidence level is 90% (CL=0.90); za = zo 05 = 1.645. 

2 



Solution 8.5 
Solution A 

If we increase the sample size n to 100, we decrease the error bound. 
When n = 100: EBM = = (1.645) = 0.4935. 



Solution 8.5 
Solution B 

If we decrease the sample size n to 25, we increase the error bound. 
When n = 25: EBM = = (1.645) = 0.987. 

Summary: Effect of Changing the Sample Size 
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• Increasing the sample size causes the error bound to decrease, making the confidence interval narrower. 

• Decreasing the sample size causes the error bound to increase, making the confidence interval wider. 



Try It t* 



8.5 Refer back to the pizza-delivery Try It exercise. The mean delivery time is 36 minutes and the population standard 
deviation is six minutes. Assume the sample size is changed to 50 restaurants with the same sample mean. Find a 90% 
confidence interval estimate for the population mean delivery time. 



Working Backwards to Find the Error Bound or Sample Mean 

When we calculate a confidence interval, we find the sample mean, calculate the error bound, and use them to calculate the 
confidence interval. However, sometimes when we read statistical studies, the study may state the confidence interval only. 
If we know the confidence interval, we can work backwards to find both the error bound and the sample mean. 

Finding the Error Bound 

• From the upper value for the interval, subtract the sample mean, 

• OR, from the upper value for the interval, subtract the lower value. Then divide the difference by two. 

Finding the Sample Mean 

• Subtract the error bound from the upper value of the confidence interval, 

• OR, average the upper and lower endpoints of the confidence interval. 

Notice that there are two methods to perform each calculation. You can choose the method that is easier to use with the 
information you know. 



Example 8.6 



Suppose we know that a confidence interval is ( 67 . 18 , 68 . 82 ) and we want to find the error bound. We may know 
that the sample mean is 68, or perhaps our source only gave the confidence interval and did not tell us the value 
of the sample mean. 

Calculate the Error Bound: 

• If we know that the sample mean is 68: EBM = 68.82 - 68 = 0.82. 

• If we don't know the sample mean: EBM = 67.18) _ q 32 

Calculate the Sample Mean: 

• If we know the error bound: x = 68.82 - 0.82 = 68 

ir j i,i , , , (67.18 + 68.82) „„ 

• If we don t know the error bound: x = - ^ = 68. 



Try It t* 




8.6 Suppose we know that a confidence interval is (42.12, 47.88). Find the error bound and the sample mean. 

Calculating the Sample Size n 

If researchers desire a specific margin of error, then they can use the error bound formula to calculate the required sample 
size. 
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The error bound formula for a population mean when the population standard deviation is known is 

EBM = ( z f )(w)- 

22 

The formula for sample size is n = — ^ , found by solving the error bound formula for n. 

EBM 2 

In this formula, z is za_, corresponding to the desired confidence level. A researcher planning a study who wants a specified 
2 

confidence level and error bound can use this formula to calculate the size of the sample needed for the study. 



Example 8.7 



The population standard deviation for the age of Foothill College students is 15 years. If we want to be 95% 
confident that the sample mean age is within two years of the true population mean age of Foothill College 
students, how many randomly selected Foothill College students must be surveyed? 



From the problem, we know that cr = 15 and EBM = 2. 
z = zq.025 = 1.96, because the confidence level is 95%. 



n = 



zV 



EBM 2 



( 1 . 96 ) 2 ( 15) 2 

2 2 



= 216.09 using the sample size equation. 



Use n = 217: Always round the answer UP to the next higher integer to ensure that the sample size is large 
enough. 



Therefore, 217 Foothill College students should be surveyed in order to be 95% confident that we are within two 
years of the true population mean age of Foothill College students. 







Try It t* 



8.7 The population standard deviation for the height of high school basketball players is three inches. If we want to be 
95% confident that the sample mean height is within one inch of the true population mean height, how many randomly 
selected students must be surveyed? 



8.2 | A Single Population Mean using the Student t 
Distribution 

In practice, we rarely know the population standard deviation. In the past, when the sample size was large, this did not 
present a problem to statisticians. They used the sample standard deviation s as an estimate for a and proceeded as before 
to calculate a confidence interval with close enough results. However, statisticians ran into problems when the sample size 
was small. A small sample size caused inaccuracies in the confidence interval. 

William S. Goset (1876-1937) of the Guinness brewery in Dublin, Ireland ran into this problem. His experiments with hops 
and barley produced very few samples. Just replacing cr with s did not produce accurate results when he tried to calculate 
a confidence interval. He realized that he could not use a normal distribution for the calculation; he found that the actual 
distribution depends on the sample size. This problem led him to "discover" what is called the Student's t-distribution. 
The name comes from the fact that Gosset wrote under the pen name "Student." 

Up until the mid-1970s, some statisticians used the normal distribution approximation for large sample sizes and only 
used the Student's t-distribution only for sample sizes of at most 30. With graphing calculators and computers, the practice 
now is to use the Student's t-distribution whenever s is used as an estimate for a. 

If you draw a simple random sample of size n from a population that has an approximately a normal distribution with mean 

p and unknown population standard deviation a and calculate the t-score t = . , then the t-scores follow a Student's 

VVwJ 

t-distribution with n - 1 degrees of freedom. The t-score has the same interpretation as the z-score. It measures how far 
x is from its mean p. For each sample size n, there is a different Student's t-distribution. 
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The degrees of freedom, n - 1, come from the calculation of the sample standard deviation s. In Appendix H, we used 
n deviations (x - x values) to calculate s. Because the sum of the deviations is zero, we can find the last deviation once 



• The underlying population of individual observations is assumed to be normally distributed with unknown population 



unless it is very small. If it is bell shaped (normal) then the assumption is met and doesn't need discussion. Random 
sampling is assumed, but that is a completely separate assumption from normality. 

Calculators and computers can easily calculate any Student's t-probabilities. The TI-83,83+, and 84+ have a tcdf function 
to find the probability for given values of t. The grammar for the tcdf command is tcdf(lower bound, upper bound, degrees 
of freedom). However for confidence intervals, we need to use inverse probability to find the value of t when we know the 
probability. 

For the TI-84+ you can use the invT command on the DISTRibution menu. The invT command works similarly to the 
invnorm. The invT command requires two inputs: invT(area to the left, degrees of freedom) The output is the t-score that 
corresponds to the area we specified. 

The TI-83 and 83+ do not have the invT command. (The TI-89 has an inverse T command.) 

A probability table for the Student's t-distribution can also be used. The table gives t-scores that correspond to the 
confidence level (column) and degrees of freedom (row). (The TI-86 does not have an invT program or command, so if you 
are using that calculator, you need to use a probability table for the Student's t-Distribution.) When using a t-table, note that 
some tables are formatted to show the confidence level in the column headings, while the column headings in some tables 
may show only corresponding area in one or both tails. 

A Student's t table (See Appendix H) gives t-scores given the degrees of freedom and the right-tailed probability. The table 
is very limited. Calculators and computers can easily calculate any Student's t-probabilities. 

The notation for the Student's t-distribution (using T as the random variable) is: 

• T ~ tdf where df=n — 1. 

• For example, if we have a sample of size n = 20 items, then we calculate the degrees of freedom as df = n - 1 = 20 - 1 
= 19 and we write the distribution as T ~ tig. 

If the population standard deviation is not known, the error bound for a population mean is: 



we know the other n - 1 deviations. The other n - 1 deviations can change or vary freely. We call the number n - 1 the 
degrees of freedom (df). 

Properties of the Student's t-Distribution 



• The graph for the Student's t-distribution is similar to the standard normal curve. 

• The mean for the Student's t-distribution is zero and the distribution is symmetric about zero. 



• The Student's t-distribution has more probability in its tails than the standard normal distribution because the spread of 
the t-distribution is greater than the spread of the standard normal. So the graph of the Student's t-distribution will be 
thicker in the tails and shorter in the center than the graph of the standard normal distribution. 



• The exact shape of the Student's t-distribution depends on the degrees of freedom. As the degrees of freedom increases, 
the graph of Student's t-distribution becomes more like the graph of the standard normal distribution. 



mean p and unknown population standard deviation cr. The size of the underlying population is generally not relevant 



• EBM = 




• to_ is the t-score with area to the right equal to % 
2 2 



• use df=n - 1 degrees of freedom, and 

• s = sample standard deviation. 



The format for the confidence interval is: 

( x — EBM , x + EBM) . 




To calculate the confidence interval directly: 



Press STAT. 



This content is available for free at https://cnx.Org/content/colll562/l.17 



CHAPTER 8 | CONFIDENCE INTERVALS 



429 



Arrow over to TESTS. 

Arrow down to 8:TInterval and press ENTER (or just press 8). 



Example 8.8 



Suppose you do a study of acupuncture to determine how effective it is in relieving pain. You measure sensory 
rates for 15 subjects with the results given. Use the sample data to construct a 95% confidence interval for the 
mean sensory rate for the population (assumed normal) from which you took the data. 

The solution is shown step-by-step and by using the TI-83, 83+, or 84+ calculators. 

8.6; 9.4; 7.9; 6.8; 8.3; 7.3; 9.2; 9.6; 8.7; 11.4; 10.3; 5.4; 8.1; 5.5; 6.9 



Solution 8.8 

• The first solution is step-by-step (Solution A). 

• The second solution uses the T1-83+ and Tl-84 calculators (Solution B). 

Solution A 

To find the confidence interval, you need the sample mean, x , and the EBM. 

x = 8.2267 s = 1.6722 n = 15 

df= 15 - 1 = 14 CL so a = 1 - CL = 1 - 0.95 = 0.05 

f = 0.025 f« = f 0 025 
+ 2 

The area to the right of to.025 is 0.025, and the area to the left of to.o2S is 1 - 0.025 = 0.975 

ta — f 0 095 = 2.14 using invT(.975,14) on the TI-84+ calculator. 

2 

EBM = ('§ )(w) 

EBM = (2.14)(i^2pJ = 0.924 

x -EBM = 8.2267 -0.9240 = 7.3 

x + EBM = 8.2267 + 0.9240 = 9.15 
The 95% confidence interval is (7.30, 9.15). 

We estimate with 95% confidence that the true population mean sensory rate is between 7.30 and 9.15. 

Solution 8.8 

Q Using the TI-83, 83 + , 89, 88+ Calculator 
Press STAT and arrow over to TESTS. 

Arrow down to 8 : TInte rval and press ENTER (or you can just press 8). 

Arrow to Data and press ENTER. 

Arrow down to List and enter the list name where you put the data. 

There should be a 1 after F req. 

Arrow down to C - level and enter 0.95 
Arrow down to Calculate and press ENTER. 

The 95% confidence interval is (7.3006, 9.1527) 
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NOTE 

When calculating the error bound, a probability table for the Student's t-distribution can also be used to 
find the value of t. The table gives t-scores that correspond to the confidence level (column) and degrees of 
freedom (row); the t-score is found where the row and column intersect in the table. 



Try It T* 




8.8 You do a study of hypnotherapy to determine how effective it is in increasing the number of hourse of sleep 
subjects get each night. You measure hours of sleep for 12 subjects with the following results. Construct a 95% 
confidence interval for the mean number of hours slept for the population (assumed normal) from which you took the 
data. 

8.2; 9.1; 7.7; 8.6; 6.9; 11.2; 10.1; 9.9; 8.9; 9.2; 7.5; 10.5 



Example 8.9 



The Human Toxome Project (HTP) is working to understand the scope of industrial pollution in the human body. 
Industrial chemicals may enter the body through pollution or as ingredients in consumer products. In October 
2008, the scientists at HTP tested cord blood samples for 20 newborn infants in the United States. The cord 
blood of the "In utero/newborn" group was tested for 430 industrial compounds, pollutants, and other chemicals, 
including chemicals linked to brain and nervous system toxicity, immune system toxicity, and reproductive 
toxicity, and fertility problems. There are health concerns about the effects of some chemicals on the brain and 
nervous system. Table 8.2 shows how many of the targeted chemicals were found in each infant’s cord blood. 



79 


145 


147 


160 


116 


100 


159 


151 


156 


126 


137 


83 


156 


94 


121 


144 


123 


114 


139 


99 



Table 8.3 



Use this sample data to construct a 90% confidence interval for the mean number of targeted industrial chemicals 
to be found in an in infant’s blood. 

Solution 8.9 
Solution A 

From the sample, you can calculate x = 127.45 and s = 25.965. There are 20 infants in the sample, so n = 20, 
and df= 20- 1 = 19. 

You are asked to calculate a 90% confidence interval: CL = 0.90, so a = 1 - CL = 1- 0.90 = 0.10 
2 = 0-05, ta = *o.05 

By definition, the area to the right of to.os is 0.05 and so the area to the left of to.05 is 1 - 0.05 = 0.95. 

Use a table, calculator, or computer to find that to.os = 1.729. 

EBM = ta(^) = 1.729 p^ 5 j « 10.038 

x -EBM = 127.45 -10.038 = 117.412 
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x + EBM = 127.45 + 10.038 = 137.488 

We estimate with 90% confidence that the mean number of all targeted industrial chemicals found in cord blood 
in the United States is between 117.412 and 137.488. 

Solution 8.9 

Solution B 

Using the TI-83, 83 + , 84, 84+ Calculator 



Enter the data as a list. 

Press STAT and arrow over to TESTS. 

Arrow down to 8 :TInterval and press ENTER (or you can just press 8). Arrow to Data and press 

ENTER. 

Arrow down to List and enter the list name where you put the data. 

Arrow down to F req and enter 1. 

Arrow down to C-level and enter 0.90 
Arrow down to Calculate and press ENTER. 

The 90% confidence interval is (117.41, 137.49). 



8.9 A random sample of statistics students were asked to estimate the total number of hours they spend watching 
television in an average week. The responses are recorded in Table 8.4. Use this sample data to construct a 98% 
confidence interval for the mean number of hours statistics students will spend watching television in one week. 



0 


3 


1 


20 


9 


5 


10 


1 


10 


4 


14 


2 


4 


4 


5 



Table 8.4 



8.3 | A Population Proportion 

During an election year, we see articles in the newspaper that state confidence intervals in terms of proportions or 
percentages. For example, a poll for a particular candidate running for president might show that the candidate has 40% 
of the vote within three percentage points (if the sample is large enough). Often, election polls are calculated with 95% 
confidence, so, the pollsters would be 95% confident that the true proportion of voters who favored the candidate would be 
between 0.37 and 0.43: (0.40 - 0.03,0.40 + 0.03). 

Investors in the stock market are interested in the true proportion of stocks that go up and down each week. Businesses that 
sell personal computers are interested in the proportion of households in the United States that own personal computers. 
Confidence intervals can be calculated for the true proportion of stocks that go up or down each week and for the true 
proportion of households in the United States that own personal computers. 

The procedure to find the confidence interval, the sample size, the error bound, and the confidence level for a proportion 
is similar to that for the population mean, but the formulas are different. 

How do you know you are dealing with a proportion problem? First, the underlying distribution is a binomial 
distribution. (There is no mention of a mean or average.) If X is a binomial random variable, then X ~ B(n, p) where n is 
the number of trials and p is the probability of a success. To form a proportion, take X, the random variable for the number 
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of successes and divide it by n, the number of trials (or the sample size). The random variable P' (read "P prime") is that 
proportion, 




(Sometimes the random variable is denoted as P , read "P hat".) 

When n is large and p is not close to zero or one, we can use the normal distribution to approximate the binomial. 
X~N(np, \jnpq) 

If we divide the random variable, the mean, and the standard deviation by n, we get a normal distribution of proportions with 
P', called the estimated proportion, as the random variable. (Recall that a proportion as the number of successes divided by 
n.) 

X_ pi \r(HR ’ppg \ 
n v l n > n ) 



Using algebra to simplify : 



■jnpg Jpg 
n V n 



P' follows a normal distribution for proportions: 



x = p'~ n(ir 

n v ( n > n ) 



The confidence interval has the form (p' - EBP, p' + EBP). EBP is error bound for the proportion. 




p' = the estimated proportion of successes (p' is a point estimate for p, the true proportion.) 
x = the number of successes 
n = the size of the sample 

The error bound for a proportion is 



EBP : 






where q' 



1 -P’ 



This formula is similar to the error bound formula for a mean, except that the "appropriate standard deviation" is different. 
For a mean, when the population standard deviation is known, the appropriate standard deviation that we use is -j- . For a 



proportion, the appropriate standard deviation is . 

Flowever, in the error bound formula, we use y ,, as the standard deviation, instead of V^- . 



In the error bound formula, the sample proportions p' and q' are estimates of the unknown population proportions p 

and q. The estimated proportions p' and q' are used because p and q are not known. The sample proportions p' and q' are 
calculated from the data: p' is the estimated proportion of successes, and q' is the estimated proportion of failures. 

The confidence interval can be used only if the number of successes rip' and the number of failures nq' are both greater than 
five. 



NOTE 

For the normal distribution of proportions, the z-score formula is as follows. 



If P' ~N[p, 




then the z-score formula is 




Example 8.10 



Suppose that a market research firm is hired to estimate the percent of adults living in a large city who have cell 
phones. Five hundred randomly selected adult residents in this city are surveyed to determine whether they have 
cell phones. Of the 500 people surveyed, 421 responded yes - they own cell phones. Using a 95% confidence 
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level, compute a confidence interval estimate for the true proportion of adult residents of this city who have cell 
phones. 



Solution 8.10 

Solution A 

• The first solution is step-by-step (Solution A). 

• The second solution uses a function of the TI-83, 83+ or 84 calculators (Solution B). 

Let X = the number of people in the sample who have cell phones. X is binomial. X ~ 7^500, 421 



To calculate the confidence interval, you must find p', q', and EBP. 
n = 500 

x = the number of successes = 421 



A 

n 



421 

500 



0.842 



p' = 0.842 is the sample proportion; this is the point estimate of the population proportion. 
q’= l-p'= 1-0.842 = 0.158 

Since CL = 0.95, then cr = l-CL = l- 0.95 = 0.05 fe) = 0.025. 



Then z« = z 0 .025 
2 



1.96 



Use the TI-83, 83+, or 84+ calculator command invNorm(0.975,0,l) to find zo.025 ■ Remember that the area to 
the right of zo.025 is 0.025 and the area to the left of zo.025 is 0.975. This can also be found using appropriate 
commands on other calculators, using a computer, or using a Standard Normal probability table. 



EBP = = (L96) f- 84 ^;^ S) = 0.032 



p' - EBP = 0.842 - 0.032 = 0.81 
p' + EBP = 0.842 + 0.032 = 0.874 

The confidence interval for the true binomial population proportion is (p' - EBP, p' + EBP ) = (0.810, 0.874). 

Interpretation 

We estimate with 95% confidence that between 81% and 87.4% of all adult residents of this city have cell phones. 

Explanation of 95% Confidence Level 

Ninety-five percent of the confidence intervals constructed in this way would contain the true value for the 
population proportion of all adult residents of this city who have cell phones. 



Solution 8.10 

Solution B 




the TI-83, 83 + , 89, 89+ Calculator 



Press STAT and arrow over to TESTS. 

Arrow down to A : 1 - PropZint. Press ENTER. 
Arrow down to x and enter 421. 

Arrow down to n and enter 500. 

Arrow down to C - Level and enter .95. 

Arrow down to Calculate and press ENTER. 
The confidence interval is (0.81003, 0.87397). 
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8.10 Suppose 250 randomly selected people are surveyed to determine if they own a tablet. Of the 250 surveyed, 98 
reported owning a tablet. Using a 95% confidence level, compute a confidence interval estimate for the true proportion 
of people who own tablets. 



Example 8.11 



For a class project, a political science student at a large university wants to estimate the percent of students who 
are registered voters. He surveys 500 students and finds that 300 are registered voters. Compute a 90% confidence 
interval for the true percent of students who are registered voters, and interpret the confidence interval. 



Solution 8.11 

• The first solution is step-by-step (Solution A). 

• The second solution uses a function of the TI-83, 83+, or 84 calculators (Solution B). 
Solution A 

x = 300 and n = 500 



p' — — = ^2^ = 0 600 

1 n 500 



q’ = 1 - p’ = 1 - 0.600 = 0.400 



Since CL = 0.90, then a=l-CL = l- 0.90 = 0.10 (f ) = 0.05 

Za = zo.05 = 1.645 
2 

Use the TI-83, 83+, or 84+ calculator command invNorm(0.95,0,l) to find zo.05- Remember that the area to the 
right of zo.05 is 0.05 and the area to the left of zo.05 is 0.95. This can also be found using appropriate commands 
on other calculators, using a computer, or using a standard normal probability table. 

EBP = (^l)rTr- = ( | .645)V (0 - 6 ^- 40) = 0.036 

p’ - EBP = 0.60 - 0.036 = 0.564 
p' + EBP = 0.60 + 0.036 = 0.636 

The confidence interval for the true binomial population proportion is (p' - EBP, p' + EBP) = (0.564,0.636). 

Interpretation 

• We estimate with 90% confidence that the true percent of all students that are registered voters is between 
56.4% and 63.6%. 

• Alternate Wording: We estimate with 90% confidence that between 56.4% and 63.6% of ALL students are 
registered voters. 

Explanation of 90% Confidence Level 

Ninety percent of all confidence intervals constructed in this way contain the true value for the population percent 
of students that are registered voters. 

Solution 8.11 

Solution B 
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Using the TI-83, 83 + , 84, 84+ Calculator 



Press STAT and arrow over to TESTS. 

Arrow down to A : 1 - PropZint. Press ENTER. 
Arrow down to x and enter 300. 

Arrow down to n and enter 500. 

Arrow down to C - Level and enter 0.90. 

Arrow down to Calculate and press ENTER. 
The confidence interval is (0.564, 0.636). 



Try It 



8.11 A student polls his school to see if students in the school district are for or against the new legislation regarding 
school uniforms. She surveys 600 students and finds that 480 are against the new legislation. 

a. Compute a 90% confidence interval for the true percent of students who are against the new legislation, and interpret 
the confidence interval. 

b. In a sample of 300 students, 68% said they own an iPod and a smart phone. Compute a 97% confidence interval for 
the true percent of students who own an iPod and a smartphone. 



“Plus Four” Confidence Interval for p 

There is a certain amount of error introduced into the process of calculating a confidence interval for a proportion. Because 
we do not know the true proportion for the population, we are forced to use point estimates to calculate the appropriate 
standard deviation of the sampling distribution. Studies have shown that the resulting estimation of the standard deviation 
can be flawed. 

Fortunately, there is a simple adjustment that allows us to produce more accurate confidence intervals. We simply pretend 
that we have four additional observations. Two of these observations are successes and two are failures. The new sample 
size, then, is n + 4, and the new count of successes is x + 2. 

Computer studies have demonstrated the effectiveness of this method, ft should be used when the confidence level desired 
is at least 90% and the sample size is at least ten. 



Example 8.12 



A random sample of 25 statistics students was asked: “Have you smoked a cigarette in the past week?” Six 
students reported smoking within the past week. Use the “plus-four” method to find a 95% confidence interval 
for the true proportion of statistics students who smoke. 

Solution 8.12 

Solution A 

Six students out of 25 reported smoking within the past week, so x = 6 and n = 25. Because we are using the 
“plus-four” method, we will use x = 6 + 2 = 8 and n = 25 + 4 = 29. 

/>'=# = | j * 0 - 276 



q' = 1 - p' = 1 - 0.276 = 0.724 
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Since CL = 0.95, we know a = 1 - 0.95 = 0.05 and ^ = 0.025. 
z 0.025 = 196 

EPB = (z|jV^7T- = (l-96)|/ °- 27 ^- 724) « 0.163 

p'-EPB = 0.276 - 0.163 = 0.113 
p' + EPB = 0.276 + 0.163 = 0.439 

We are 95% confident that the true proportion of all statistics students who smoke cigarettes is between 0.113 and 
0.439. 

Solution 8.12 
Solution B 

Q Using the TI-83, 83 + , 8S, 8S+ Calculator 

Press STAT and arrow over to TESTS. 

Arrow down to A:l-PropZint. Press ENTER. 

REMINDER 

Remember that the plus-four method assume an additional four trials: two successes and two failures. 

You do not need to change the process for calculating the confidence interval; simply update the values 
of x and n to reflect these additional trials. 



Arrow down to x and enter eight. 

Arrow down to n and enter 29. 

Arrow down to C-Level and enter 0.95. 
Arrow down to Calculate and press ENTER. 
The confidence interval is (0.113, 0.439). 



8.12 Out of a random sample of 65 freshmen at State University, 31 students have declared a major. Use the “plus- 
four” method to find a 96% confidence interval for the true proportion of freshmen at State University who have 
declared a major. 



Example 8.13 



The Berkman Center for Internet & Society at Harvard recently conducted a study analyzing the privacy 
management habits of teen internet users. In a group of 50 teens, 13 reported having more than 500 friends on 
Facebook. Use the “plus four” method to find a 90% confidence interval for the true proportion of teens who 
would report having more than 500 Facebook friends. 

Solution 8.13 
Solution A 
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Using “plus-four,” we have x = 13 + 2 = 15 and n = 50 + 4 = 54. 

P = « 0.278 

q = 1 - p = 1 - 0.241 = 0.722 

Since CL = 0.90, we know a = 1 - 0.90 = 0.10 and ^ = 0.05. 

Zo.05 = 1-645 

EPB = = (1.645)(|^ 78 ^°- 722) j « 0.100 

p'-EPB = 0.278 - 0.100 = 0.178 
p' + EPB = 0.278 + 0.100 = 0.378 

We are 90% confident that between 17.8% and 37.8% of all teens would report having more than 500 friends on 
Facebook. 



Solution 8.13 
Solution B 







the 



TI-83, 83 + , 8H, 89 + Calculator 



Press STAT and arrow over to TESTS. 

Arrow down to A:l-PropZint. Press ENTER. 
Arrow down to x and enter 15. 

Arrow down to n and enter 54. 

Arrow down to C-Level and enter 0.90. 
Arrow down to Calculate and press ENTER. 
The confidence interval is (0.178, 0.378). 



Try It 



8.13 The Berkman Center Study referenced in Example 8.13 talked to teens in smaller focus groups, but also 
interviewed additional teens over the phone. When the study was complete, 588 teens had answered the question about 
their Facebook friends with 159 saying that they have more than 500 friends. Use the “plus-four” method to find a 90% 
confidence interval for the true proportion of teens that would report having more than 500 Facebook friends based on 
this larger sample. Compare the results to those in Example 8.13. 



Calculating the Sample Size n 

If researchers desire a specific margin of error, then they can use the error bound formula to calculate the required sample 
size. 

The error bound formula for a population proportion is 

• EBP =(^ )(#?) 



Solving for n gives you an equation for the sample size. 
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• n = 



ip' q') 
EBP 2 



Example 8.14 



Suppose a mobile phone company wants to determine the current percentage of customers aged 50+ who use 
text messaging on their cell phones. How many customers aged 50+ should the company survey in order to be 
90% confident that the estimated (sample) proportion is within three percentage points of the true population 
proportion of customers aged 50+ who use text messaging on their cell phones. 



Solution 8.14 



From the problem, we know that EBP = 0.03 (3%=0.03) and za zo 05 = 1.645 because the confidence level is 

2 

90%. 



However, in order to find n, we need to know the estimated (sample) proportion p'. Remember that q' = 1 — 
p'. But, we do not know p' yet. Since we multiply p' and q' together, we make them both equal to 0.5 because 
p'q' = (0.5)(0.5) = 0.25 results in the largest possible product. (Try other products: (0.6)(0.4) = 0.24; (0.3)(0.7) 
= 0.21; (0.2)(0.8) = 0.16 and so on). The largest possible product gives us the largest n. This gives us a large 
enough sample so that we can be 90% confident that we are within three percentage points of the true population 
proportion. To calculate the sample size n, use the formula and make the substitutions. 



Z 2 p' q' 
n = — 

EBP 2 



gives n — 



1 . 645 2 ( 0 . 5 )( 0 . 5 ) 

0 . 03 2 



751.7 



Round the answer to the next higher value. The sample size should be 752 cell phone customers aged 50+ in order 
to be 90% confident that the estimated (sample) proportion is within three percentage points of the true population 
proportion of all customers aged 50+ who use text messaging on their cell phones. 



8.14 Suppose an internet marketing company wants to determine the current percentage of customers who click on 
ads on their smartphones. How many customers should the company survey in order to be 90% confident that the 
estimated proportion is within five percentage points of the true population proportion of customers who click on ads 
on their smartphones? 



8.4 | Confidence Interval (Home Costs) 
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Stats Lab 



8.1 Confidence Interval (Home Costs) 

Class Time: 

Names: 

Student Learning Outcomes 

• The student will calculate the 90% confidence interval for the mean cost of a home in the area in which this 
school is located. 

• The student will interpret confidence intervals. 

• The student will determine the effects of changing conditions on the confidence interval. 



Collect the Data 

Check the Real Estate section in your local newspaper. Record the sale prices for 35 randomly selected homes recently 
listed in the county. 

NOTE 

Many newspapers list them only one day per week. Also, we will assume that homes come up for sale randomly. 



1. Complete the table: 




Table 8.5 



Describe the Data 

1. Compute the following: 

a. x = 

b- s* = 

c. n = 

2. In words, define the random variable X . 

3. State the estimated distribution to use. Use both words and symbols. 

Find the Confidence Interval 

1. Calculate the confidence interval and the error bound. 

a. Confidence Interval: 

b. Error Bound: 
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2. How much area is in both tails (combined)? a = 

3. How much area is in each tail? ^ = 

4. Fill in the blanks on the graph with the area in each section. Then, fill in the number line with the upper and lower 
limits of the confidence interval and the sample mean. 



C.L. = 




Figure 8.6 

5. Some students think that a 90% confidence interval contains 90% of the data. Use the list of data on the first page 
and count how many of the data values lie within the confidence interval. What percent is this? Is this percent 
close to 90%? Explain why this percent should or should not be close to 90%. 

Describe the Confidence Interval 

1. In two to three complete sentences, explain what a confidence interval means (in general), as if you were talking 
to someone who has not taken statistics. 

2. In one to two complete sentences, explain what this confidence interval means for this particular study. 

Use the Data to Construct Confidence Intervals 

1. Using the given information, construct a confidence interval for each confidence level given. 



Confidence level 


EBM/Error Bound 


Confidence Interval 


50% 






80% 






95% 






99% 







Table 8.6 



2. What happens to the EBM as the confidence level increases? Does the width of the confidence interval increase 
or decrease? Explain why this happens. 



8.5 | Confidence Interval (Place of Birth) 
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8.2 Confidence Interval (Place of Birth) 

Class Time: 

Names: 

Student Learning Outcomes 

• The student will calculate the 90% confidence interval the proportion of students in this school who were born in 
this state. 

• The student will interpret confidence intervals. 

• The student will determine the effects of changing conditions on the confidence interval. 

Collect the Data 

1. Survey the students in your class, asking them if they were born in this state. Let X = the number that were born 
in this state. 

a. n = 

b. x = 

2. In words, define the random variable P'. 

3. State the estimated distribution to use. 

Find the Confidence Interval and Error Bound 

1. Calculate the confidence interval and the error bound. 

a. Confidence Interval: 

b. Error Bound: 

2. How much area is in both tails (combined)? a = 

3. How much area is in each tail? y = 

4. Fill in the blanks on the graph with the area in each section. Then, fill in the number line with the upper and lower 
limits of the confidence interval and the sample proportion. 



C.L. = 




Figure 8.7 

Describe the Confidence Interval 

1. In two to three complete sentences, explain what a confidence interval means (in general), as though you were 
talking to someone who has not taken statistics. 

2. In one to two complete sentences, explain what this confidence interval means for this particular study. 

3. Construct a confidence interval for each confidence level given. 
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Confidence level 


EBP/Error Bound 


Confidence Interval 


50% 






80% 






95% 






99% 







Table 8.7 



4. What happens to the EBP as the confidence level increases? Does the width of the confidence interval increase or 
decrease? Explain why this happens. 



8.6 | Confidence Interval (Women's Heights) 
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8.3 Confidence Interval (Women's Heights) 

Class Time: 

Names: 

Student Learning Outcomes 

• The student will calculate a 90% confidence interval using the given data. 

• The student will determine the relationship between the confidence level and the percentage of constructed 
intervals that contain the population mean. 

Given: 



59.4 


71.6 


69.3 


65.0 


62.9 


66.5 


61.7 


55.2 


67.5 


67.2 


63.8 


62.9 


63.0 


63.9 


68.7 


65.5 


61.9 


69.6 


58.7 


63.4 


61.8 


60.6 


69.8 


60.0 


64.9 


66.1 


66.8 


60.6 


65.6 


63.8 


61.3 


59.2 


64.1 


59.3 


64.9 


62.4 


63.5 


60.9 


63.3 


66.3 


61.5 


64.3 


62.9 


60.6 


63.8 


58.8 


64.9 


65.7 


62.5 


70.9 


62.9 


63.1 


62.2 


58.7 


64.7 


66.0 


60.5 


64.7 


65.4 


60.2 


65.0 


64.1 


61.1 


65.3 


64.6 


59.2 


61.4 


62.0 


63.5 


61.4 


65.5 


62.3 


65.5 


64.7 


58.8 


66.1 


64.9 


66.9 


57.9 


69.8 


58.5 


63.4 


69.2 


65.9 


62.2 


60.0 


58.1 


62.5 


62.4 


59.1 


66.4 


61.2 


60.4 


58.7 


66.7 


67.5 


63.2 


56.6 


67.7 


62.5 











Table 8.8 Heights of 100 Women (in 
Inches) 



1. Table 8.8 lists the heights of 100 women. Use a random number generator to select ten data values randomly. 

2. Calculate the sample mean and the sample standard deviation. Assume that the population standard deviation is 
known to be 3.3 inches. With these values, construct a 90% confidence interval for your sample of ten values. 
Write the confidence interval you obtained in the first space of Table 8.9. 

3. Now write your confidence interval on the board. As others in the class write their confidence intervals on the 
board, copy them into Table 8.9. 
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Table 8.9 90% Confidence Intervals 



Discussion Questions 

1. The actual population mean for the 100 heights given Table 8.8 is p = 63.4. Using the class listing of confidence 
intervals, count how many of them contain the population mean p; i.e., for how many intervals does the value of 
p lie between the endpoints of the confidence interval? 

2. Divide this number by the total number of confidence intervals generated by the class to determine the percent of 

confidence intervals that contains the mean p. Write this percent here: . 

3. Is the percent of confidence intervals that contain the population mean p close to 90%? 

4. Suppose we had generated 100 confidence intervals. What do you think would happen to the percent of 
confidence intervals that contained the population mean? 

5. When we construct a 90% confidence interval, we say that we are 90% confident that the true population 
mean lies within the confidence interval. Using complete sentences, explain what we mean by this phrase. 

6. Some students think that a 90% confidence interval contains 90% of the data. Use the list of data given (the 
heights of women) and count how many of the data values lie within the confidence interval that you generated 
based on that data. How many of the 100 data values lie within your confidence interval? What percent is this? Is 
this percent close to 90%? 

7. Explain why it does not make sense to count data values that lie in a confidence interval. Think about the random 
variable that is being used in the problem. 

8. Suppose you obtained the heights of ten women and calculated a confidence interval from this information. 
Without knowing the population mean p, would you have any way of knowing for certain if your interval 
actually contained the value of p? Explain. 
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KEY TERMS 

Binomial Distribution a discrete random variable (RV) which arises from Bernoulli trials; there are a fixed number, n, 
of independent trials. “Independent” means that the result of any trial (for example, trial 1) does not affect the 
results of the following trials, and all trials are conducted under the same conditions. Under these circumstances the 
binomial RV X is defined as the number of successes in n trials. The notation is: X~B(n,p). The mean is /j = np and 
the standard deviation is a = \Jnpq . The probability of exacdy x successes in n trials is P(X = x) = {^)p x q n ~ x . 

Confidence Interval (Cl) an interval estimate for an unknown population parameter. This depends on: 

• the desired confidence level, 

• information that is known about the distribution (for example, known standard deviation), 

• the sample and its size. 

Confidence Level (CL) the percent expression for the probability that the confidence interval contains the true 
population parameter; for example, if the CL = 90%, then in 90 out of 100 samples the interval estimate will enclose 
the true population parameter. 

Degrees of Freedom ( df) the number of objects in a sample that are free to vary 

Error Bound for a Population Mean (EBM) the margin of error; depends on the confidence level, sample size, and 
known or estimated population standard deviation. 

Error Bound for a Population Proportion (EBP) the margin of error; depends on the confidence level, the sample 
size, and the estimated (from the sample) proportion of successes. 

Inferential Statistics also called statistical inference or inductive statistics; this facet of statistics deals with estimating 
a population parameter based on a sample statistic. For example, if four out of the 100 calculators sampled are 
defective we might infer that four percent of the production is defective. 

Normal Distribution - (x - fi) 2 1 2 <j 2 

a continuous random variable (RV) with pdf f(x) = — ] — e , where p is the mean 

o^2n 

of the distribution and a is the standard deviation, notation: X ~ N(p,o). If p = 0 and <7 = 1, the RV is called the 

standard normal distribution. 

Parameter a numerical characteristic of a population 

Point Estimate a single number computed from a sample and used to estimate a population parameter 

Standard Deviation a number that is equal to the square root of the variance and measures how far data values are 
from their mean; notation: s for sample standard deviation and a for population standard deviation 

Student's t-Distribution investigated and reported by William S. Gossett in 1908 and published under the pseudonym 
Student; the major characteristics of the random variable (RV) are: 

• It is continuous and assumes any real values. 

• The pdf is symmetrical about its mean of zero. However, it is more spread out and flatter at the apex than the 
normal distribution. 

• It approaches the standard normal distribution as n get larger. 

• There is a "family of t-distributions: each representative of the family is completely defined by the number of 
degrees of freedom, which is one less than the number of data. 

CHAPTER REVIEW 

8.1 A Single Population Mean using the Normal Distribution 

In this module, we learned how to calculate the confidence interval for a single population mean where the population 
standard deviation is known. When estimating a population mean, the margin of error is called the error bound for a 
population mean (EBM). A confidence interval has the general form: 

(lower bound, upper bound) = (point estimate - EBM , point estimate + EBM) 
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The calculation of EBM depends on the size of the sample and the level of confidence desired. The confidence level is 
the percent of all possible samples that can be expected to include the true population parameter. As the confidence level 
increases, the corresponding EBM increases as well. As the sample size increases, the EBM decreases. By the central limit 
theorem, 

EBM = z— 



Given a confidence interval, you can work backwards to find the error bound ( EBM) or the sample mean. To find the error 
bound, find the difference of the upper bound of the interval and the mean. If you do not know the sample mean, you can 
find the error bound by calculating half the difference of the upper and lower bounds. To find the sample mean given a 
confidence interval, find the difference of the upper bound and the error bound. If the error bound is unknown, then average 
the upper and lower bounds of the confidence interval to find the sample mean. 



Sometimes researchers know in advance that they want to estimate a population mean within a specific margin of error for 
a given level of confidence. In that case, solve the EBM formula for n to discover the size of the sample that is needed to 
achieve this goal: 



_2 2 

Z ff 

EBM 2 



8.2 A Single Population Mean using the Student t Distribution 

In many cases, the researcher does not know the population standard deviation, <7, of the measure being studied. In these 
cases, it is common to use the sample standard deviation, s, as an estimate of a. The normal distribution creates accurate 
confidence intervals when a is known, but it is not as accurate when s is used as an estimate. In this case, the Student’s 
t-distribution is much better. Define a t-score using the following formula: 

_ x — (J 
1 ~ J- 
Vn 

The t-score follows the Student’s t-distribution with n - 1 degrees of freedom. The confidence interval 
distribution is calculated with EBM = where t a is the t-score with area to the right equal to ^ , s is 

standard deviation, and n is the sample size. Use a table, calculator, or computer to find ta for a given a. 



under this 
the sample 



8.3 A Population Proportion 

Some statistical measures, like many survey questions, measure qualitative rather than quantitative data. In this case, the 
population parameter being estimated is a proportion. It is possible to create a confidence interval for the true population 
proportion following procedures similar to those used in creating confidence intervals for population means. The formulas 
are slightly different, but they follow the same reasoning. 

Let p' represent the sample proportion, x/n, where x represents the number of successes and n represents the sample size. 
Let q' = 1 - p'. Then the confidence interval for a population proportion is given by the following formula: 

(lower bound, upper bound) = (p' - EBP , p' + EBP) — | p ' - ^ , p' + 

The “plus four” method for calculating confidence intervals is an attempt to balance the error introduced by using estimates 
of the population proportion when calculating the standard deviation of the sampling distribution. Simply imagine four 

Y - I O 

additional trials in the study; two are successes and two are failures. Calculate p' = ^ ^ , and proceed to find the 

confidence interval. When sample sizes are small, this method has been demonstrated to provide more accurate confidence 
intervals than the standard formula used for larger samples. 

FORMULA REVIEW 

8.1 A Single Population Mean using the Normal X ~ N (^^n) The distribution ° f sam P le means is 
Distribution normally distributed with mean equal to the population 

mean and standard deviation given by the population 
standard deviation divided by the square root of the sample 
size. 
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The general form for a confidence interval for a single 
population mean, known standard deviation, normal 
distribution is given by 

(lower bound, upper bound) = (point estimate - EBM, point 
estimate + EBM) 

= ( x — EBM , x + EBM ) 

= { x ~ z W x+z ^k) 

EBM = = the error bound for the mean, or the margin 

of error for a single population mean; this formula is used 
when the population standard deviation is known. 

CL = confidence level, or the proportion of confidence 
intervals created that are expected to contain the true 
population parameter 

a = 1 - CL = the proportion of confidence intervals that will 
not contain the population parameter 

Za = the z-score with the property that the area to the 
2 

right of the z-score is Sf- this is the z-score used in the 

calculation of " EBM where a = 1 - CL. 

2 2 

n = — = the formula used to determine the sample 

EBM 2 

size (n) needed to achieve a desired margin of error at a 
given level of confidence 

General form of a confidence interval 

(lower value, upper value) = (point estimate-error bound, 
point estimate + error bound) 

To find the error bound when you know the confidence 
interval 

error bound = upper value-point estimate OR error bound 
upper value — lower value 
2 

Single Population Mean, Known Standard Deviation, 
Normal Distribution 

Use the Normal Distribution for Means, Population 

Standard Deviation is Known EBM = z® - -%= 

2 Vn 

The confidence interval has the format ( x - EBM , x + 
EBM). 

8.2 A Single Population Mean using the Student 
t Distribution 

s = the standard deviation of sample values. 

t — — j-t- is the formula for the t-score which 
Vn 

measures how far away a measure is from the population 
mean in the Student’s t-distribution 

df = n - 1; the degrees of freedom for a Student’s t- 
distribution where n represents the size of the sample 
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T~tdf the random variable, T, has a Student’s t-distribution 
with df degrees of freedom 

EBM = ta-= = the error bound for the population mean 

when the population standard deviation is unknown 

fa is the t-score in the Student’s t-distribution with area to 
2 

the right equal to y 

The general form for a confidence interval for a single 
mean, population standard deviation unknown, Student's t 
is given by (lower bound, upper bound) 

= (point estimate - EBM, point estimate + EBM) 

= ( x ~ x+ vk) 



8.3 A Population Proportion 

p' = x / n where x represents the number of successes and 
n represents the sample size. The variable p' is the sample 
proportion and serves as the point estimate for the true 
population proportion. 

q' = l-p' 

p' ~N^p, The variable p' has a binomial distribution 

that can be approximated with the normal distribution 
shown here. 



EBP = the error bound for a proportion = 




Confidence interval for a proportion: 



(lower bound, upper bound) = (p 1 - EBP, p' + EBP ) = 




Za 2 p' q' 

n = — provides the number of participants 

EBP 2 

needed to estimate the population proportion with 
confidence 1 - a and margin of error EBP. 

Use the normal distribution for a single population 
proportion p' = 

EBP = (za)$£ p' + q'= 1 

The confidence interval has the format (p ' - EBP, p' + 
EBP). 

x is a point estimate for p 
p' is a point estimate for p 
s is a point estimate for a 
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PRACTICE 

8.1 A Single Population Mean using the Normal Distribution 

Use the following information to answer the next five exercises: The standard deviation of the weights of elephants is known 
to be approximately 15 pounds. We wish to construct a 95% confidence interval for the mean weight of newborn elephant 
calves. Fifty newborn elephants are weighed. The sample mean is 244 pounds. The sample standard deviation is 11 pounds. 

1. Identify the following: 

a. x = 

b. o = 

c. n = 



2. In words, define the random variables X and X . 

3. Which distribution should you use for this problem? 

4. Construct a 95% confidence interval for the population mean weight of newborn elephants. State the confidence interval, 
sketch the graph, and calculate the error bound. 

5. What will happen to the confidence interval obtained, if 500 newborn elephants are weighed instead of 50? Why? 



Use the following information to answer the next seven exercises: The U.S. Census Bureau conducts a study to determine 
the time needed to complete the short form. The Bureau surveys 200 people. The sample mean is 8.2 minutes. There is a 
known standard deviation of 2.2 minutes. The population distribution is assumed to be normal. 

6 . Identify the following: 

a. x = 

b. o = 

c. n = 



7. In words, define the random variables X and X . 

8 . Which distribution should you use for this problem? 

9. Construct a 90% confidence interval for the population mean time to complete the forms. State the confidence interval, 
sketch the graph, and calculate the error bound. 

10. If the Census wants to increase its level of confidence and keep the error bound the same by taking another survey, what 
changes should it make? 

11. If the Census did another survey, kept the error bound the same, and surveyed only 50 people instead of 200, what 
would happen to the level of confidence? Why? 

12. Suppose the Census needed to be 98% confident of the population mean length of time. Would the Census have to 
survey more people? Why or why not? 



Use the following information to answer the next ten exercises: A sample of 20 heads of lettuce was selected. Assume that 
the population distribution of head weight is normal. The weight of each head of lettuce was then recorded. The mean weight 
was 2.2 pounds with a standard deviation of 0.1 pounds. The population standard deviation is known to be 0.2 pounds. 

13. Identify the following: 

a. x = 

b. cr = 

c. n = 

14. In words, define the random variable X. 



15. In words, define the random variable X . 

16. Which distribution should you use for this problem? 

17. Construct a 90% confidence interval for the population mean weight of the heads of lettuce, 
interval, sketch the graph, and calculate the error bound. 

18. Construct a 95% confidence interval for the population mean weight of the heads of lettuce, 
interval, sketch the graph, and calculate the error bound. 



State the confidence 
State the confidence 
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19. In complete sentences, explain why the confidence interval in Exercise 8.17 is larger than in Exercise 8.18. 

20. In complete sentences, give an interpretation of what the interval in Exercise 8.18 means. 

21. What would happen if 40 heads of lettuce were sampled instead of 20, and the error bound remained the same? 

22. What would happen if 40 heads of lettuce were sampled instead of 20, and the confidence level remained the same? 

Use the following information to answer the next 14 exercises: The mean age for all Foothill College students for a recent 
Fall term was 33.2. The population standard deviation has been pretty consistent at 15. Suppose that twenty-five Winter 
students were randomly selected. The mean age for the sample was 30.4. We are interested in the true mean age for Winter 
Foothill College students. Let X = the age of a Winter Foothill College student. 

23. x = 

24. n = 

25. = 15 

26. In words, define the random variable X . 

27. What is x estimating? 

28. Is c x known? 

29. As a result of your answer to Exercise 8.26, state the exact distribution to use when calculating the confidence 
interval. 

Construct a 95% Confidence Interval for the true mean age of Winter Foothill College students by working out then 
answering the next seven exercises. 

30. How much area is in both tails (combined)? a = 

31. How much area is in each tail? ^ = 

32. Identify the following specifications: 

a. lower limit 

b. upper limit 

c. error bound 

33. The 95% confidence interval is: . 

34. Fill in the blanks on the graph with the areas, upper and lower limits of the confidence interval, and the sample mean. 



C.L. = 




Figure 8.8 

35. In one complete sentence, explain what the interval means. 

36. Using the same mean, standard deviation, and level of confidence, suppose that n were 69 instead of 25. Would the 
error bound become larger or smaller? How do you know? 

37. Using the same mean, standard deviation, and sample size, how would the error bound change if the confidence level 
were reduced to 90%? Why? 



8.2 A Single Population Mean using the Student t Distribution 
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Use the following information to answer the next five exercises. A hospital is trying to cut down on emergency room wait 
times. It is interested in the amount of time patients must wait before being called back to be examined. An investigation 
committee randomly surveyed 70 patients. The sample mean was 1.5 hours with a sample standard deviation of 0.5 hours. 

38. Identify the following: 

a. x = 

b. s* = 

c. n = 

d. n-l= 

39. Define the random variables X and X in words. 

40. Which distribution should you use for this problem? 

41. Construct a 95% confidence interval for the population mean time spent waiting. State the confidence interval, sketch 
the graph, and calculate the error bound. 

42. Explain in complete sentences what the confidence interval means. 

Use the following information to answer the next six exercises: One hundred eight Americans were surveyed to determine 
the number of hours they spend watching television each month. It was revealed that they watched an average of 151 hours 
each month with a standard deviation of 32 hours. Assume that the underlying population distribution is normal. 

43. Identify the following: 

a. x = 

b. s* = 

C. 71 = 

d. 71-1= 

44. Define the random variable X in words. 

45. Define the random variable X in words. 

46. Which distribution should you use for this problem? 

47. Construct a 99% confidence interval for the population mean hours spent watching television per month, (a) State the 
confidence interval, (b) sketch the graph, and (c) calculate the error bound. 

48. Why would the error bound change if the confidence level were lowered to 95%? 



Use the following information to answer the next 13 exercises: The data in Table 8.10 are the result of a random survey 
of 39 national flags (with replacement between picks) from various countries. We are interested in finding a confidence 
interval for the true mean number of colors on a national flag. Let X = the number of colors on a national flag. 



X 


Freq. 


1 


1 


2 


7 


3 


18 


4 


7 


5 


6 



Table 8.10 



49. Calculate the following: 

a. x = 

b. s* = 

C. 71 = 

50. Define the random variable X in words. 



This content is available for free at https://cnx.Org/content/colll562/l.17 



CHAPTER 8 | CONFIDENCE INTERVALS 451 



51. What is x estimating? 

52. Is a x known? 

53. As a result of your answer to Exercise 8.52, state the exact distribution to use when calculating the confidence 
interval. 



Construct a 95% confidence interval for the true mean number of colors on national flags. 

54. How much area is in both tails (combined)? 

55. How much area is in each tail? 

56. Calculate the following: 

a. lower limit 

b. upper limit 

c. error bound 

57. The 95% confidence interval is . 

58. Fill in the blanks on the graph with the areas, the upper and lower limits of the Confidence Interval and the sample 
mean. 



C.L. = 




Figure 8.9 

59. In one complete sentence, explain what the interval means. 

60. Using the same x , s x , and level of confidence, suppose that n were 69 instead of 39. Would the error bound become 
larger or smaller? How do you know? 

61. Using the same x , s x , and n = 39, how would the error bound change if the confidence level were reduced to 90%? 
Why? 

8.3 A Population Proportion 

Use the following information to answer the next two exercises: Marketing companies are interested in knowing the 
population percent of women who make the majority of household purchasing decisions. 

62. When designing a study to determine this population proportion, what is the minimum number you would need to 
survey to be 90% confident that the population proportion is estimated to within 0.05? 

63. If it were later determined that it was important to be more than 90% confident and a new survey were commissioned, 
how would it affect the minimum number you need to survey? Why? 



Use the following information to answer the next five exercises: Suppose the marketing company did do a survey. They 
randomly surveyed 200 households and found that in 120 of them, the woman made the majority of the purchasing 
decisions. We are interested in the population proportion of households where women make the majority of the purchasing 
decisions. 

64. Identify the following: 

a. x = 

b. n = 

c- P' = 



65. Define the random variables X and P' in words. 
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66. Which distribution should you use for this problem? 

67 . Construct a 95% confidence interval for the population proportion of households where the women make the majority 
of the purchasing decisions. State the confidence interval, sketch the graph, and calculate the error bound. 

68. List two difficulties the company might have in obtaining random results, if this survey were done by email. 



Use the following information to answer the next five exercises: Of 1,050 randomly selected adults, 360 identified 
themselves as manual laborers, 280 identified themselves as non-manual wage earners, 250 identified themselves as mid- 
level managers, and 160 identified themselves as executives. In the survey, 82% of manual laborers preferred trucks, 62% 
of non-manual wage earners preferred trucks, 54% of mid-level managers preferred trucks, and 26% of executives preferred 
trucks. 

69 . We are interested in finding the 95% confidence interval for the percent of executives who prefer trucks. Define random 
variables X and P' in words. 

70 . Which distribution should you use for this problem? 

71. Construct a 95% confidence interval. State the confidence interval, sketch the graph, and calculate the error bound. 

72 . Suppose we want to lower the sampling error. What is one way to accomplish that? 

73 . The sampling error given in the survey is ±2%. Explain what the ±2% means. 



Use the following information to answer the next five exercises: A poll of 1,200 voters asked what the most significant issue 
was in the upcoming election. Sixty-five percent answered the economy. We are interested in the population proportion of 
voters who feel the economy is the most important. 

74 . Define the random variable X in words. 

75 . Define the random variable P' in words. 

76 . Which distribution should you use for this problem? 

77 . Construct a 90% confidence interval, and state the confidence interval and the error bound. 

78 . What would happen to the confidence interval if the level of confidence were 95%? 

Use the following information to answer the next 16 exercises: The Ice Chalet offers dozens of different beginning ice- 
skating classes. All of the class names are put into a bucket. The 5 P.M., Monday night, ages 8 to 12, beginning ice-skating 
class was picked. In that class were 64 girls and 16 boys. Suppose that we are interested in the true proportion of girls, ages 
8 to 12, in all beginning ice-skating classes at the Ice Chalet. Assume that the children in the selected class are a random 
sample of the population. 

79 . What is being counted? 

80 . In words, define the random variable X. 

81 . Calculate the following: 

a. x = 

b. n = 

c- P' = 

82 . State the estimated distribution of X. X~ 

83 . Define a new random variable P'. What is p' estimating? 

84 . In words, define the random variable P'. 

85 . State the estimated distribution of P'. Construct a 92% Confidence Interval for the true proportion of girls in the ages 8 
to 12 beginning ice-skating classes at the Ice Chalet. 

86. How much area is in both tails (combined)? 

87 . How much area is in each tail? 

88 . Calculate the following: 

a. lower limit 

b. upper limit 

c. error bound 

89 . The 92% confidence interval is . 

90 . Fill in the blanks on the graph with the areas, upper and lower limits of the confidence interval, and the sample 
proportion. 
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C.L. = 




Figure 8.10 

91. In one complete sentence, explain what the interval means. 

92. Using the same p' and level of confidence, suppose that n were increased to 100. Would the error bound become larger 
or smaller? How do you know? 

93. Using the same p' and n = 80, how would the error bound change if the confidence level were increased to 98%? Why? 

94. If you decreased the allowable error bound, why would the minimum sample size increase (keeping the same level of 
confidence)? 

HOMEWORK 

8.1 A Single Population Mean using the Normal Distribution 

95. Among various ethnic groups, the standard deviation of heights is known to be approximately three inches. We wish 
to construct a 95% confidence interval for the mean height of male Swedes. Forty-eight male Swedes are surveyed. The 
sample mean is 71 inches. The sample standard deviation is 2.8 inches. 

a. 

i. x = 

ii. o — 

iii. n = 

b. In words, define the random variables X and X . 

c. Which distribution should you use for this problem? Explain your choice. 

d. Construct a 95% confidence interval for the population mean height of male Swedes. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

e. What will happen to the level of confidence obtained if 1,000 male Swedes are surveyed instead of 48? Why? 

96. Announcements for 84 upcoming engineering conferences were randomly picked from a stack of IEEE Spectrum 
magazines. The mean length of the conferences was 3.94 days, with a standard deviation of 1.28 days. Assume the 
underlying population is normal. 

a. In words, define the random variables X and X . 

b. Which distribution should you use for this problem? Explain your choice. 

c. Construct a 95% confidence interval for the population mean length of engineering conferences. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

97. Suppose that an accounting firm does a study to determine the time needed to complete one person’s tax forms. It 
randomly surveys 100 people. The sample mean is 23.6 hours. There is a known standard deviation of 7.0 hours. The 
population distribution is assumed to be normal. 

a. 

i. x = 

ii. 0= 

iii. n = 
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b. In words, define the random variables X and X . 

c. Which distribution should you use for this problem? Explain your choice. 

d. Construct a 90% confidence interval for the population mean time to complete the tax forms. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

e. If the firm wished to increase its level of confidence and keep the error bound the same by taking another survey, 
what changes should it make? 

f. If the firm did another survey, kept the error bound the same, and only surveyed 49 people, what would happen to 
the level of confidence? Why? 

g. Suppose that the firm decided that it needed to be at least 96% confident of the population mean length of time to 
within one hour. How would the number of people the firm surveys change? Why? 

98 . A sample of 16 small bags of the same brand of candies was selected. Assume that the population distribution of bag 
weights is normal. The weight of each bag was then recorded. The mean weight was two ounces with a standard deviation 
of 0.12 ounces. The population standard deviation is known to be 0.1 ounce. 

a. 

i. x = 

ii. cr= 

iii. s x = 

b. In words, define the random variable X. 

c. In words, define the random variable X . 

d. Which distribution should you use for this problem? Explain your choice. 

e. Construct a 90% confidence interval for the population mean weight of the candies. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

f. Construct a 98% confidence interval for the population mean weight of the candies. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

g. In complete sentences, explain why the confidence interval in part f is larger than the confidence interval in part 
e. 

h. In complete sentences, give an interpretation of what the interval in part f means. 

99 . A camp director is interested in the mean number of letters each child sends during his or her camp session. The 
population standard deviation is known to be 2.5. A survey of 20 campers is taken. The mean from the sample is 7.9 with a 
sample standard deviation of 2.8. 

a. 

i. x = 

ii. 0= 

iii. n= 

b. Define the random variables A and X in words. 

c. Which distribution should you use for this problem? Explain your choice. 

d. Construct a 90% confidence interval for the population mean number of letters campers send home. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

e. What will happen to the error bound and confidence interval if 500 campers are surveyed? Why? 

100 . What is meant by the term “90% confident” when constructing a confidence interval for a mean? 

a. If we took repeated samples, approximately 90% of the samples would produce the same confidence interval. 

b. If we took repeated samples, approximately 90% of the confidence intervals calculated from those samples would 
contain the sample mean. 

c. If we took repeated samples, approximately 90% of the confidence intervals calculated from those samples would 
contain the true value of the population mean. 

d. If we took repeated samples, the sample mean would equal the population mean in approximately 90% of the 
samples. 
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101. The Federal Election Commission collects information about campaign contributions and disbursements for 
candidates and political committees each election cycle. During the 2012 campaign season, there were 1,619 candidates for 
the House of Representatives across the United States who received contributions from individuals. Table 8.11 shows the 
total receipts from individuals for a random selection of 40 House candidates rounded to the nearest $100. The standard 
deviation for this data to the nearest hundred is a = $909,200. 



$3,600 


$1,243,900 


$10,900 


$385,200 


$581,500 


$7,400 


$2,900 


$400 


$3,714,500 


$632,500 


$391,000 


$467,400 


$56,800 


$5,800 


$405,200 


$733,200 


$8,000 


$468,700 


$75,200 


$41,000 


$13,300 


$9,500 


$953,800 


$1,113,500 


$1,109,300 


$353,900 


$986,100 


$88,600 


$378,200 


$13,200 


$3,800 


$745,100 


$5,800 


$3,072,100 


$1,626,700 


$512,900 


$2,309,200 


$6,600 


$202,400 


$15,800 



Table 8.11 



a. Find the point estimate for the population mean. 

b. Using 95% confidence, calculate the error bound. 

c. Create a 95% confidence interval for the mean total individual contributions. 

d. Interpret the confidence interval in the context of the problem. 

102. The American Community Survey (ACS), part of the United States Census Bureau, conducts a yearly census similar 
to the one taken every ten years, but with a smaller percentage of participants. The most recent survey estimates with 90% 
confidence that the mean household income in the U.S. falls between $69,720 and $69,922. Find the point estimate for mean 
U.S. household income and the error bound for mean U.S. household income. 

103. The average height of young adult males has a normal distribution with standard deviation of 2.5 inches. You want to 
estimate the mean height of students at your college or university to within one inch with 93% confidence. How many male 
students must you measure? 

8.2 A Single Population Mean using the Student t Distribution 

104. In six packages of “The Flintstones® Real Fruit Snacks” there were five Bam-Bam snack pieces. The total number 
of snack pieces in the six bags was 68. We wish to calculate a 96% confidence interval for the population proportion of 
Bam-Bam snack pieces. 

a. Define the random variables X and P' in words. 

b. Which distribution should you use for this problem? Explain your choice 

c. Calculate p'. 

d. Construct a 96% confidence interval for the population proportion of Bam-Bam snack pieces per bag. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

e. Do you think that six packages of fruit snacks yield enough data to give accurate results? Why or why not? 

105. A random survey of enrollment at 35 community colleges across the United States yielded the following figures: 
6,414; 1,550; 2,109; 9,350; 21,828; 4,300; 5,944; 5,722; 2,825; 2,044; 5,481; 5,200; 5,853; 2,750; 10,012; 6,357; 27,000; 
9,414; 7,681; 3,200; 17,500; 9,200; 7,380; 18,314; 6,557; 13,713; 17,768; 7,493; 2,771; 2,861; 1,263; 7,285; 28,165; 5,080; 
11,622. Assume the underlying population is normal. 

a. 

i. x = 

ii- $x ~ 

iii. n= 

iv. n - 1 = 

b. Define the random variables X and X in words. 

c. Which distribution should you use for this problem? Explain your choice. 
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d. Construct a 95% confidence interval for the population mean enrollment at community colleges in the United 
States. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

e. What will happen to the error bound and confidence interval if 500 community colleges were surveyed? Why? 

106 . Suppose that a committee is studying whether or not there is waste of time in our judicial system, ft is interested in 
the mean amount of time individuals waste at the courthouse waiting to be called for jury duty. The committee randomly 
surveyed 81 people who recently served as jurors. The sample mean wait time was eight hours with a sample standard 
deviation of four hours. 

a. 

i. x = 

ii- $x — 

iii. n= 

iv. n - 1 = 

b. Define the random variables X and X in words. 

c. Which distribution should you use for this problem? Explain your choice. 

d. Construct a 95% confidence interval for the population mean time wasted. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

e. Explain in a complete sentence what the confidence interval means. 

107 . A pharmaceutical company makes tranquilizers, ft is assumed that the distribution for the length of time they last is 
approximately normal. Researchers in a hospital used the drug on a random sample of nine patients. The effective period of 
the tranquilizer for each patient (in hours) was as follows: 2.7; 2.8; 3.0; 2.3; 2.3; 2.2; 2.8; 2.1; and 2.4. 

a. 



x = 




iii. n= 

iv. n - 1 = 

b. Define the random variable X in words. 

c. Define the random variable X in words. 

d. Which distribution should you use for this problem? Explain your choice. 

e. Construct a 95% confidence interval for the population mean length of time. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

f. What does it mean to be “95% confident” in this problem? 

108 . Suppose that 14 children, who were learning to ride two-wheel bikes, were surveyed to determine how long they had 
to use training wheels, ft was revealed that they used them an average of six months with a sample standard deviation of 
three months. Assume that the underlying population distribution is normal. 

a. 

i. x = 

ii- $x ~ 

iii. n= 

iv. n - 1 = 

b. Define the random variable X in words. 

c. Define the random variable X in words. 

d. Which distribution should you use for this problem? Explain your choice. 

e. Construct a 99% confidence interval for the population mean length of time using training wheels. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

f. Why would the error bound change if the confidence level were lowered to 90%? 
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109. The Federal Election Commission (FEC) collects information about campaign contributions and disbursements for 
candidates and political committees each election cycle. A political action committee (PAC) is a committee formed to raise 
money for candidates and campaigns. A Leadership PAC is a PAC formed by a federal politician (senator or representative) 
to raise money to help other candidates’ campaigns. 

The FEC has reported financial information for 556 Leadership PACs that operating during the 2011-2012 election cycle. 
The following table shows the total receipts during this cycle for a random selection of 20 Leadership PACs. 



$ 46 , 500.00 


$0 


$ 40 , 966.50 


$ 105 , 887.20 


$ 5 , 175.00 


$ 29 , 050.00 


$ 19 , 500.00 


$ 181 , 557.20 


$ 31 , 500.00 


$ 149 , 970.80 


$ 2 , 555 , 363.20 


$ 12 , 025.00 


$ 409 , 000.00 


$ 60 , 521.70 


$ 18 , 000.00 


$ 61 , 810.20 


$ 76 , 530.80 


$ 119 , 459.20 


$0 


$ 63 , 520.00 


$ 6 , 500.00 


$ 502 , 578.00 


$ 705 , 061.10 


$ 708 , 258.90 


$ 135 , 810.00 


$ 2 , 000.00 


$ 2 , 000.00 


$0 


$ 1 , 287 , 933.80 


$ 219 , 148.30 



Table 8.12 



jr = $251, 854.23 
i = $521, 130.41 

Use this sample data to construct a 96% confidence interval for the mean amount of money raised by all Leadership PACs 
during the 2011-2012 election cycle. Use the Student's t-distribution. 

110. Forbes magazine published data on the best small firms in 2012. These were firms that had been publicly traded for at 
least a year, have a stock price of at least $5 per share, and have reported annual revenue between $5 million and $1 billion. 
The Table 8.13 shows the ages of the corporate CEOs for a random sample of these firms. 



48 


58 


51 


61 


56 


59 


74 


63 


53 


50 


59 


60 


60 


57 


46 


55 


63 


57 


47 


55 


57 


43 


61 


62 


49 


67 


67 


55 


55 


49 



Table 8.13 



Use this sample data to construct a 90% confidence interval for the mean age of CEO’s for these top small firms. Use the 
Student's t-distribution. 

111. Unoccupied seats on flights cause airlines to lose revenue. Suppose a large airline wants to estimate its mean number 
of unoccupied seats per flight over the past year. To accomplish this, the records of 225 flights are randomly selected and the 
number of unoccupied seats is noted for each of the sampled flights. The sample mean is 11.6 seats and the sample standard 
deviation is 4.1 seats, 
a. 



x = 




Mi. n = _ 
i v. n - 1 = 



Define the random variables X and X in words. 

Which distribution should you use for this problem? Explain your choice. 

Construct a 92% confidence interval for the population mean number of unoccupied seats per flight. 

i. State the confidence interval. 

ii. Sketch the graph. 

i i i . Calculate the error bound. 



b. 

c. 

d. 



458 CHAPTER 8 | CONFIDENCE INTERVALS 



112. In a recent sample of 84 used car sales costs, the sample mean was $6,425 with a standard deviation of $3,156. Assume 
the underlying distribution is approximately normal. 

a. Which distribution should you use for this problem? Explain your choice. 

b. Define the random variable X in words. 

c. Construct a 95% confidence interval for the population mean cost of a used car. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

d. Explain what a “95% confidence interval” means for this study. 

113. Six different national brands of chocolate chip cookies were randomly selected at the supermarket. The grams of fat 
per serving are as follows: 8; 8; 10; 7; 9; 9. Assume the underlying distribution is approximately normal. 

a. Construct a 90% confidence interval for the population mean grams of fat per serving of chocolate chip cookies 
sold in supermarkets. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

b. If you wanted a smaller error bound while keeping the same level of confidence, what should have been changed 
in the study before it was done? 

c. Go to the store and record the grams of fat per serving of six brands of chocolate chip cookies. 

d. Calculate the mean. 

e. Is the mean within the interval you calculated in part a? Did you expect it to be? Why or why not? 

114. A survey of the mean number of cents off that coupons give was conducted by randomly surveying one coupon per 
page from the coupon sections of a recent San Jose Mercury News. The following data were collected: 20<t; 75<t; 50<t; 654; 
304; 55<t; 404; 404; 304; 554; $1.50; 404; 654; 404. Assume the underlying distribution is approximately normal. 

a. 

i. x = 

ii- — 

iii. n= 

iv. n-1 = 

b. Define the random variables X and X in words. 

c. Which distribution should you use for this problem? Explain your choice. 

d. Construct a 95% confidence interval for the population mean worth of coupons. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

e. If many random samples were taken of size 14, what percent of the confidence intervals constructed should 
contain the population mean worth of coupons? Explain why. 



Use the following information to answer the next two exercises: A quality control specialist for a restaurant chain takes a 
random sample of size 12 to check the amount of soda served in the 16 oz. serving size. The sample mean is 13.30 with a 
sample standard deviation of 1.55. Assume the underlying population is normally distributed. 

115. Find the 95% Confidence Interval for the true population mean for the amount of soda served. 

a. (12.42, 14.18) 

b. (12.32, 14.29) 

c. (12.50, 14.10) 

d. Impossible to determine 

116. What is the error bound? 

a. 0.87 

b. 1.98 

c. 0.99 

d. 1.74 

8.3 A Population Proportion 

117. Insurance companies are interested in knowing the population percent of drivers who always buckle up before riding 
in a car. 
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a. When designing a study to determine this population proportion, what is the minimum number you would need 
to survey to be 95% confident that the population proportion is estimated to within 0.03? 

b. If it were later determined that it was important to be more than 95% confident and a new survey was 
commissioned, how would that affect the minimum number you would need to survey? Why? 

118. Suppose that the insurance companies did do a survey. They randomly surveyed 400 drivers and found that 320 
claimed they always buckle up. We are interested in the population proportion of drivers who claim they always buckle up. 

a. 

i. x = 

ii. n= 

iii. p' = 

b. Define the random variables X and P', in words. 

c. Which distribution should you use for this problem? Explain your choice. 

d. Construct a 95% confidence interval for the population proportion who claim they always buckle up. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

e. If this survey were done by telephone, list three difficulties the companies might have in obtaining random results. 

119. According to a recent survey of 1,200 people, 61% feel that the president is doing an acceptable job. We are interested 
in the population proportion of people who feel the president is doing an acceptable job. 

a. Define the random variables X and P' in words. 

b. Which distribution should you use for this problem? Explain your choice. 

c. Construct a 90% confidence interval for the population proportion of people who feel the president is doing an 
acceptable job. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

120. An article regarding interracial dating and marriage recently appeared in the Washington Post. Of the 1,709 randomly 
selected adults, 315 identified themselves as Latinos, 323 identified themselves as blacks, 254 identified themselves as 
Asians, and 779 identified themselves as whites. In this survey, 86% of blacks said that they would welcome a white person 
into their families. Among Asians, 77% would welcome a white person into their families, 71% would welcome a Latino, 
and 66% would welcome a black person. 

a. We are interested in finding the 95% confidence interval for the percent of all black adults who would welcome a 
white person into their families. Define the random variables X and P', in words. 

b. Which distribution should you use for this problem? Explain your choice. 

c. Construct a 95% confidence interval. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

121. Refer to the information in Exercise 8.120. 

a. Construct three 95% confidence intervals. 

i. percent of all Asians who would welcome a white person into their families. 

ii. percent of all Asians who would welcome a Latino into their families. 

iii. percent of all Asians who would welcome a black person into their families. 

b. Even though the three point estimates are different, do any of the confidence intervals overlap? Which? 

c. For any intervals that do overlap, in words, what does this imply about the significance of the differences in the 
true proportions? 

d. For any intervals that do not overlap, in words, what does this imply about the significance of the differences in 
the true proportions? 

122. Stanford University conducted a study of whether running is healthy for men and women over age 50. During the 
first eight years of the study, 1.5% of the 451 members of the 50-Plus Fitness Association died. We are interested in the 
proportion of people over 50 who ran and died in the same eight-year period. 

a. Define the random variables X and P' in words. 

b. Which distribution should you use for this problem? Explain your choice. 

c. Construct a 97% confidence interval for the population proportion of people over 50 who ran and died in the same 
eight-year period. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 
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d. Explain what a “97% confidence interval” means for this study. 

123. A telephone poll of 1,000 adult Americans was reported in an issue of Time Magazine. One of the questions asked 
was “What is the main problem facing the country?” Twenty percent answered “crime.” We are interested in the population 
proportion of adult Americans who feel that crime is the main problem. 

a. Define the random variables X and P' in words. 

b. Which distribution should you use for this problem? Explain your choice. 

c. Construct a 95% confidence interval for the population proportion of adult Americans who feel that crime is the 
main problem. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

d. Suppose we want to lower the sampling error. What is one way to accomplish that? 

e. The sampling error given by Yankelovich Partners, Inc. (which conducted the poll) is ±3%. In one to three 
complete sentences, explain what the ±3% represents. 

124. Refer to Exercise 8.123. Another question in the poll was “[How much are] you worried about the quality of 
education in our schools?” Sixty-three percent responded “a lot”. We are interested in the population proportion of adult 
Americans who are worried a lot about the quality of education in our schools. 

a. Define the random variables X and P' in words. 

b. Which distribution should you use for this problem? Explain your choice. 

c. Construct a 95% confidence interval for the population proportion of adult Americans who are worried a lot about 
the quality of education in our schools. 

i. State the confidence interval. 

ii. Sketch the graph. 

iii. Calculate the error bound. 

d. The sampling error given by Yankelovich Partners, Inc. (which conducted the poll) is ±3%. In one to three 
complete sentences, explain what the ±3% represents. 



Use the following information to answer the next three exercises: According to a Field Poll, 79% of California adults (actual 
results are 400 out of 506 surveyed) feel that “education and our schools” is one of the top issues facing California. We wish 
to construct a 90% confidence interval for the true proportion of California adults who feel that education and the schools 
is one of the top issues facing California. 

125. A point estimate for the true population proportion is: 

a. 0.90 

b. 1.27 

c. 0.79 

d. 400 

126. A 90% confidence interval for the population proportion is . 

a. (0.761, 0.820) 

b. (0.125, 0.188) 

C. (0.755, 0.826) 
d. (0.130, 0.183) 

127. The error bound is approximately . 

a. 1.581 

b. 0.791 

c. 0.059 

d. 0.030 

Use the following information to answer the next two exercises: Five hundred and eleven (511) homes in a certain 
southern California community are randomly surveyed to determine if they meet minimal earthquake preparedness 
recommendations. One hundred seventy-three (173) of the homes surveyed met the minimum recommendations for 
earthquake preparedness, and 338 did not. 

128. Find the confidence interval at the 90% Confidence Level for the true population proportion of southern California 
community homes meeting at least the minimum recommendations for earthquake preparedness. 

a. (0.2975, 0.3796) 

b. (0.6270, 0.6959) 

C. (0.3041, 0.3730) 
d. (0.6204, 0.7025) 
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129. The point estimate for the population proportion of homes that do not meet the minimum recommendations for 



earthquake preparedness is 


a. 


0.6614 


b. 


0.3386 


c. 


173 


d. 


338 



130. On May 23, 2013, Gallup reported that of the 1,005 people surveyed, 76% of U.S. workers believe that they will 
continue working past retirement age. The confidence level for this study was reported at 95% with a ±3% margin of error. 

a. Determine the estimated proportion from the sample. 

b. Determine the sample size. 

c. Identify CL and a. 

d. Calculate the error bound based on the information provided. 

e. Compare the error bound in part d to the margin of error reported by Gallup. Explain any differences between the 

values. 

f. Create a confidence interval for the results of this study. 

g . A reporter is covering the release of this study for a local news station. How should she explain the confidence 
interval to her audience? 

131. A national survey of 1,000 adults was conducted on May 13, 2013 by Rasmussen Reports. It concluded with 95% 
confidence that 49% to 55% of Americans believe that big-time college sports programs corrupt the process of higher 
education. 

a. Find the point estimate and the error bound for this confidence interval. 

b. Can we (with 95% confidence) conclude that more than half of all American adults believe this? 

c. Use the point estimate from part a and n = 1,000 to calculate a 75% confidence interval for the proportion of 

American adults that believe that major college sports programs corrupt higher education. 

d. Can we (with 75% confidence) conclude that at least half of all American adults believe this? 

132. Public Policy Polling recently conducted a survey asking adults across the U.S. about music preferences. When asked, 
80 of the 571 participants admitted that they have illegally downloaded music. 

a. Create a 99% confidence interval for the true proportion of American adults who have illegally downloaded 
music. 

b. This survey was conducted through automated telephone interviews on May 6 and 7, 2013. The error bound of the 
survey compensates for sampling error, or natural variability among samples. List some factors that could affect 
the survey’s outcome that are not covered by the margin of error. 

c. Without performing any calculations, describe how the confidence interval would change if the confidence level 
changed from 99% to 90%. 

133. You plan to conduct a survey on your college campus to learn about the political awareness of students. You want 
to estimate the true proportion of college students on your campus who voted in the 2012 presidential election with 95% 
confidence and a margin of error no greater than five percent. How many students must you interview? 

134. In a recent Zogby International Poll, nine of 48 respondents rated the likelihood of a terrorist attack in their community 
as “likely” or “very likely.” Use the “plus four” method to create a 97% confidence interval for the proportion of American 
adults who believe that a terrorist attack in their community is likely or very likely. Explain what this confidence interval 
means in the context of the problem. 
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SOLUTIONS 

i 

a. 244 

b. 15 

c. 50 
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3 n(iM, 4 =) 

V V50 ) 

5 As the sample size increases, there will be less variability in the mean, so the interval size decreases. 

7 A is the time in minutes it takes to complete the U.S. Census short form. X is the mean time it took a sample of 200 
people to complete the U.S. Census short form. 

9 Cl: (7.9441, 8.4559) 



CL = 0.90 




Figure 8.11 

EBM = 0.26 

11 The level of confidence would decrease because decreasing n makes the confidence interval wider, so at the same error 
bound, the confidence level decreases. 

13 

a. x = 2.2 

b. cr = 0.2 

c. n = 20 

15 X is the mean weight of a sample of 20 heads of lettuce. 

17 EBM =0.07 
Cl: (2.1264, 2.2736) 

CL = 0.90 



2.13 2.2 2.27 

Figure 8.12 




19 The interval is greater because the level of confidence increased. If the only change made in the analysis is a change in 
confidence level, then all we are doing is changing how much area is being calculated for the normal distribution. Therefore, 
a larger confidence level results in larger areas and larger intervals. 



21 The confidence level would increase. 



464 CHAPTER 8 | CONFIDENCE INTERVALS 



23 30.4 
25 a 
27 p 

29 normal 
31 0.025 
33 (24.52,36.28) 

35 We are 95% confident that the true mean age for Winger Foothill College students is between 24.52 and 36.28. 

37 The error bound for the mean would decrease because as the CL decreases, you need less area under the normal curve 
(which translates into a smaller interval) to capture the true population mean. 

39 X is the number of hours a patient waits in the emergency room before being called back to be examined. X is the 
mean wait time of 70 patients in the emergency room. 

41 Cl: (1.3808, 1.6192) 



0.95 



x 

1.38 1.5 1.62 

Figure 8.13 

EBM = 0.12 

43 

a. x = 151 

b. s x = 32 

c. n = 108 

d. n - 1 = 107 

45 X is the mean number of hours spent watching television per month from a sample of 108 Americans. 
47 Cl: (142.92, 159.08) 
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0.99 




142.92 151 159.08 



Figu 


re 8.14 


EBM =8.08 


49 




a. 


3.26 


b. 


1.02 


c. 


39 



51 p 

53 t38 
55 0.025 
57 (2.93, 3.59) 

59 We are 95% confident that the true mean number of colors for national flags is between 2.93 colors and 3.59 colors. 

60 The error bound would become EBM = 0.245. This error bound decreases because as sample sizes increase, variability 
decreases and we need less interval length to capture the true mean. 

63 ft would decrease, because the z-score would decrease, which reducing the numerator and lowering the number. 

65 X is the number of “successes” where the woman makes the majority of the purchasing decisions for the household. P' is 
the percentage of households sampled where the woman makes the majority of the purchasing decisions for the household. 

67 Cl: (0.5321, 0.6679) 



0.95 




Figure 8.15 

EBM : 0.0679 

69 X is the number of “successes” where an executive prefers a truck. P' is the percentage of executives sampled who 
prefer a truck. 
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71 Cl: (0.19432, 0.33068) 




Figure 8.16 

EBM: 0.0707 

73 The sampling error means that the true mean can be 2% above or below the sample mean. 

75 P' is the proportion of voters sampled who said the economy is the most important issue in the upcoming election. 

77 Cl: (0.62735, 0.67265) EBM : 0.02265 

79 The number of girls, ages 8 to 12, in the 5 P.M. Monday night beginning ice-skating class. 

81 

a. x = 64 

b. n = 80 

c. p' = 0.8 

83 p 

85 P' ~A^0.8, f (Q,8 gQ° ,2) j ■ (0.72171, 0.87829). 

87 0.04 
89 (0.72; 0.88) 

91 With 92% confidence, we estimate the proportion of girls, ages 8 to 12, in a beginning ice-skating class at the Ice Chalet 
to be between 72% and 88%. 

93 The error bound would increase. Assuming all other variables are kept constant, as the confidence level increases, the 
area under the curve corresponding to the confidence level becomes larger, which creates a wider interval and thus a larger 
error. 

95 

a. i. 71 

ii. 3 

iii. 48 

b. X is the height of a Swiss male, and is the mean height from a sample of 48 Swiss males. 

c. Normal. We know the standard deviation for the population, and the sample size is greater than 30. 

d. i. Cl: (70.151, 71.49) 
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ii. 

Figure 8.17 
iii. £BM= 0.849 

e. The confidence interval will decrease in size, because the sample size increased. Recall, when all factors remain 
unchanged, an increase in sample size decreases variability. Thus, we do not need as large an interval to capture the 
true population mean. 

97 

a. i. x = 23.6 

ii. a = 7 

iii. n = 100 

b. X is the time needed to complete an individual tax form. X is the mean time to complete tax forms from a sample of 
100 customers. 

c. /V| 23.6. J- | because we know sigma. 

V VTOO/ 

d. i. (22.228, 24.972) 



ii. 

Figure 8.18 




iii. EBM = 1.372 

e. ft will need to change the sample size. The firm needs to determine what the confidence level should be, then apply 
the error bound formula to determine the necessary sample size. 

f. The confidence level would increase as a result of a larger interval. Smaller sample sizes result in more variability. To 
capture the true population mean, we need to have a larger interval. 
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g. According to the error bound formula, the firm needs to survey 206 people. Since we increase the confidence level, 
we need to increase either our error bound or the sample size. 



Figure 8.19 

iii. EBM: 0.92 

e. The error bound and confidence interval will decrease. 

101 

a. x = $568,873 

b. CL = 0.95 a = 1 - 0.95 = 0.05 z« = 1.96 



c. x - EBM = 568,873 - 281,764 = 287,109 

x + EBM = 568,873 + 281,764 = 850,637 
Alternate solution: 



1. Press STAT and arrow over to TESTS. 

2. Arrow down to 7 : ZInte rval. 

3. Press ENTER. 

4. Arrow to Stats and press ENTER. 

5. Arrow down and enter the following values: 
a : 909,200 



99 



a. i. 7.9 



ii. 2.5 



iii. 20 



b. X is the number of letters a single camper will send home. X is the mean number of letters sent home from a sample 
of 20 campers. 




d. i. Cl: (6.98, 8.82) 




X 



6.98 



8.82 



u. 



2 



EBM= Zq.025^ =1.96 



909200 

V40 



= $281,764 



0 



Using the TI-83, 83 + , 89, 88+ Calculator 



This content is available for free at https://cnx.Org/content/colll562/l.17 



CHAPTER 8 | CONFIDENCE INTERVALS 469 



x : 568,873 
n: 40 
CL: 0.95 

6. Arrow down to Calculate and press ENTER. 

7. The confidence interval is ($287,114, $850,632). 



8. Notice the small difference between the two solutions-these differences are simply due to rounding error in 
the hand calculations. 



d. We estimate with 95% confidence that the mean amount of contributions received from all individuals by House 
candidates is between $287,109 and $850,637. 



103 Use the formula for EBM, solved for n: 

2 2 

n = — From the statement of the problem, you know that cr = 2.5, and you need EBM = 1. z = zo 035 = 

EBM 2 



1.812 (This is the value of z for which the area under the density curve to the right of z is 0.035.) 



„ = z 1 a 1 = 1 . 812 ~ 2 . 5 2 
EBM 2 l 2 



20.52 You need to measure at least 21 male students to achieve your goal. 



105 

a. i. 8629 

ii. 6944 

iii. 35 

iv. 34 

b. f 34 

c. i. Cl: (6244, 11,014) 




Figure 8.20 

iii. EB = 2385 
d. ft will become smaller 

107 

a. i. x = 2.51 
ii. s x = 0.318 
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iii. n = 9 

iv. n - 1 = 8 

b. the effective length of time for a tranquilizer 

c. the mean effective length of time of tranquilizers from a sample of nine patients 

d. We need to use a Student’s-t distribution, because we do not know the population standard deviation. 

e. i. Cl: (2.27, 2.76) 

ii. Check student's solution. 

iii. EBM: 0.25 

f. If we were to sample many groups of nine patients, 95% of the samples would contain the true population mean length 
of time. 



109 x = $251, 854.23 s = $521, 130.41 Note that we are not given the population standard deviation, only the 
standard deviation of the sample. There are 30 measures in the sample, so n = 30, and df = 30 - 1 = 29 CL = 0.96, so a = 
1 - CL = 1 - 0.96 = 0.04 f = 0.02fa = t om = 2.150 EBM = = 2.15o( 521 ’Jj ) °- 41 ) ~ $204, 561.66 x - 

EBM = $251,854.23 - $204,561.66 = $47,292.57 x + EBM = $251,854.23+ $204,561.66 = $456,415.89 We estimate with 
96% confidence that the mean amount of money raised by all Leadership PACs during the 2011-2012 election cycle lies 
between $47,292.57 and $456,415.89. 

Alternate Solution 

Q Using the Ti-83, 83 + , 89, 88+ Calculator 

Enter the data as a list. 

Press STAT and arrow over to TESTS. 

Arrow down to 8 : TInte rval. 

Press ENTER. 

Arrow to Data and press ENTER. 

Arrow down and enter the name of the list where the data is stored. 

Enter Freq: 1 
Enter C - Level: 0.96 

Arrow down to Calculate and press Enter. 

The 96% confidence interval is ($47,262, $456,447). 



The difference between solutions arises from rounding differences. 



111 






a. 


i. 


x = 




ii. 


s x ~ 




iii. 


n = 




iv. 


n - 1 = 



b. X is the number of unoccupied seats on a single flight. X is the mean number of unoccupied seats from a sample of 
225 flights. 

c. We will use a Student’s-t distribution, because we do not know the population standard deviation. 

d. i. Cl: (11.12 , 12.08) 
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ii. Check student's solution. 



iii. EBM: 0.48 



113 



a. 



i. Cl: (7.64 , 9.36) 




7.64 8.5 9.36 



n. 



Figure 8.21 
iii. EBM: 0.86 

b. The sample should have been increased. 

c. Answers will vary. 

d. Answers will vary. 

e. Answers will vary. 

115 b 
117 

a. 1,068 

b. The sample size would need to be increased since the critical value increases as the confidence level increases. 



c. i. Cl: (0.59, 0.63) 

ii. Check student’s solution 

iii. EBM: 0.02 

121 

a. i. (0.72,0.82) 

ii. (0.65,0.76) 

iii. (0.60,0.72) 

b. Yes, the intervals (0.72, 0.82) and (0.65, 0.76) overlap, and the intervals (0.65, 0.76) and (0.60, 0.72) overlap. 

c. We can say that there does not appear to be a significant difference between the proportion of Asian adults who say 
that their families would welcome a white person into their families and the proportion of Asian adults who say that 
their families would welcome a Latino person into their families. 

d. We can say that there is a significant difference between the proportion of Asian adults who say that their families 
would welcome a white person into their families and the proportion of Asian adults who say that their families would 
welcome a black person into their families. 



119 



a. X = the number of people who feel that the president is doing an acceptable job; 



P' = the proportion of people in a sample who feel that the president is doing an acceptable job. 
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123 

a. X = the number of adult Americans who feel that crime is the main problem; P' = the proportion of adult Americans 
who feel that crime is the main problem 

b. Since we are estimating a proportion, given P' = 0.2 and n = 1000, the distribution we should use is 




c. i. Cl: (0.18, 0.22) 

ii. Check student’s solution. 

iii. EBM: 0.02 

d. One way to lower the sampling error is to increase the sample size. 

e. The stated “± 3%” represents the maximum error bound. This means that those doing the study are reporting a 
maximum error of 3%. Thus, they estimate the percentage of adult Americans who feel that crime is the main problem 
to be between 18% and 22%. 

125 c 
127 d 
129 a 
131 

a. p' = ( ' 0,55 j °' 49 ) = 0.52; EBP = 0.55 - 0.52 = 0.03 

b. No, the confidence interval includes values less than or equal to 
believe this. 

c. CL = 0.75, so a= 1-0.75 = 0.25 and ^ = 0.125 za = 1.150 

z 2 

the left is 1-0.125 = 0.875.) 

EBP = (1.150)^ °^ 2 ^ 8) « 0.018 

(p' - EBP, p' + EBP ) = (0.52 - 0.018, 0.52 + 0.018) = (0.502, 0.538) 

Alternate Solution 

Using the Ti-83, 83 + , 84, 84+ Calculator 

STAT TESTS A: 1-PropZinterval with x = (0.52)(1,000), n = 1,000, CL = 0.75. 

Answer is (0.502, 0.538) 




0.50. It is possible that less than half of the population 
. (The area to the right of this z is 0.125, so the area to 



d. Yes - this interval does not fall less than 0.50 so we can conclude that at least half of all American adults believe that 
major sports programs corrupt education - but we do so with only 75% confidence. 



133 CL 



0.95 a = 1 - 0.95 = 0.05 ^ 



0.025 za = 1.96. Use p' 

2 



0.5. 



2 / / 

zoc_ p c[ i 96 2 (0 5)(0 5) 

n = = — ^ — = — ^ ^ = 384. 16 You need to interview at least 385 students to estimate the proportion to 

EBP 2 0.05 2 

within 5% at 95% confidence. 
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